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CHAPTER I 
INTRODUCTION 


Much has been written about the role of the Supply 
Corps officer as an inventory manager, and many treatises have 
been written on inventory management improvement devices, 
However, most of these writings concern the inventory manager 
ashore--the inventory manager who works with large quantities 
of material in an impersonal manner. tlis functions as an 
inventory manager afloat, as the Supply Officer of a combatant 
ship of the United States Navy, have been iargely neglected, 
It 18 in this eapacity where he controls the material on the 
last stage of its journey from producer to end user, and it is 
in thie capacity that he determines the requirements that, in 
the long run, determine the decisions made by his counterparts 
ashore, 

The number and complexity of problems facing the 
aflost inventory manager may be lese imposing than those 
plaguing supply managers ashore, but their solution is just as 
oritical to the achievement of the operational readiness of the 


fieet.' On board destroyers, in particular, the job of the 





Ta, 3, Lang, “Atlantic Destroyers Go SIM," fonthiy 
Newsletter--‘agazine of +t Supply Corps, Vol. XXV¥, No. 3 








te a | a GS ya Ow! 
mm 6 Gee ow) oe ae! 














7” oe core & "let =a Sa & 

—— e- save Oe ee eer ee em 
>= — © emer fee) Gee 4 tees mg fc cee? 
7 ee geee oo pb beet ee ar Ss —=-— 
Sie. oo ee ee ee ee 


- — 


























Supply Officer has always been among the toughest and most 
challenging to which a Supply Corps officer can be assigned. 
The "greyhound" Navy is one of long and arduous hours required 
by the imposition of demanding standards of operational 
effectiveness and performance, 

The sailing ships of Neleon's day were much more 
oapable of casting off their dependence on land support than 
were World War II battleships, The increasing dependence of 
ships on fuels limited their ability to spend long periods 
away from land and increased the need for logistie planning and 
facilities, As ship designs improved and logistic facilities 
became waterborne, the requirement for far-flung ccaling 
stations developed and navies oneoe again becane more dependent 
upon home-ports within the confines of their national 
boundaries, However, during World War II, the United States 
Navy was able to keep the carrier task forse of the Fifth 
Fleet at sea for seventy-nine days throush the uge of transfer- 
at-sea replenishment techniques. This tremendous 
accomplishment had not been anticipated nor aven theaucht 
possible at the beginning of hostilities, It was & plan 
developed to fit the needs cf the times, This and other 
experiences of the war formed a firm foundation for the current 
operational doctrines of our deployed forces in the 
Mediterranean and sestern Pacifie operating areas, The effort 


that is required to keen these fleeta mobile hea advanced Navy 
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logistics to a position never before obtained.' An important 
aspect of this effort has been the development of shipboard 
inventories to meet the repair requirements of the highly 
complicated, sophisticated equipments installed in the ships. 
Today's destroyer supply officer, for example, faces a 
challenge unknown to his predecessors--that of inventory 
management of some 17,000 line items of repair parts valued at 
nearly a quarter of a million dollars, and having an 
immeasurable impact on the operational readiness of his ship. 
The inventory nanagement of repair parts has becoxe biz 
business for Supply Corps officers at sea, The quantity, 
valuo, and importance of the repair parts itera now aboard 
destroyer=-type ships equals or exceeds that of World War ITI 
Light cruisers.° A guided missile frigate such as the USS 
Coontz (DLG-9) carries an inventory of 36,000 items worth 
$500,000, comparable to a wartime battleship. The management 
of these inventories is usually accompanied by inadequate 
personnel, both as to nunbera and training for this exacting 
job, therefore requiring a higher decree of personal management 
by the Supply Officer. It is necessary for him to develop 
procedures which will allow him to delegate hia authority with 
the assurance of obtaining the effectiveness for fulfillment 








'g.f., R.G@. Iverson et al. “The Growth of a Rational 
System Approach to Naval Repair Parts inventories: The 
Introduction of Military Essentiality" (unpublished research 
report, School of Government, Business and International 
Affairs, The George Washington University, Washington, 0D.C., 
January, 1962), po. 54, 


“Lenz, loc. cit. 











a el ee 
Se ee nae Ate cme at te le AD 
et 6 Fel CO me 
reese Oe wee eet ee 
—ae (Ge eet He gk! ee ell pee 
ole? 66 200 Ct Oven 4) eke! eee ee ee 
ON wie wer Pee ew) OM le 
erie UP AALAND AA) CAO ih CEE OA) 











—— eal 





of his responsibilities. 

At the same tine that the role of naval logistics has 
become more complicated and important to the operation of our 
fleets, new developments have taken place in the operations of 
this nation’s business community. Ag an outgrowth of Frederick 
#,. Taylor's solentific management approach at the beginning of 
the century has developed the field of the Management Sclences. 
Personnel atudying applications of this branch of economic 
learning, primarily the operations research types, have found 
many areas for improvement of inventory control techniques in 
the business environment. Although many of the new techniques 
have been in existence for years, they have not been implemented 
very rapidly, and in fact, not much attention was siven to then 
until after the second World War. These techniques have been 
adopted by the military inventory management systems for 
application to the colossal inventoriss which support ous armed 
forees, wideer application is possibie. 

it 13 the thesis of this paper that these scientific 
inventory techniques are universal in application, and that the 
main reason they have not found wider acceptance is that they 
heve been couched in mathematical terms, not readily 
understandable by the average busineas manager, be he military 
or civilian. This paper is an attexpt to synthesize the 
scientific inventory management techniques which have been 
daveloped into a format that the Supply Officer of one of our 
Wavy mon-of-war can use to manage his inventories more 


effectiveiy; a format or technique that he can use to assure 
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himself of a rational systematic approach to his whole inventory 
in order to meet his responsibilities for the operational 
effectiveness of his ship. Although certain standard procedures 
and requirements must be met, each ship has a different problem 
requiring individual initiative on the part of the shipbvecard 
Supply officer, ! 

To convey an underatanding of the applications of these 
techniques this paper makes an analogy of civilian or business 
inventories to military inventories in general and to shipboard 
inventorise in particular. ‘Similarly, the concept of scientific 
inventory management is developed from a business environment 
and applied to the military environment. Underlying all of our 
decisions is the constraint of the amount of money available to 


effect those decisions. This is universal. 


eme~sisstiipinesteaiimmsreaneeh sta state eT OCEAN CENA NAAT 

loersonal interview with Commander W. Ke Woodard, 
Assistant Director, Fleet Operations Division, Bureau of 
Supplies and Accounts, Navy Department, Washington, D.C., 
Oetober, 1962. 





CHAPTER III 
INVENTORIES GENERALIZED 


Any discussion of inventory management should start with 
an examination of the purpose for maintaining inventories, 
because generally most inventories are looked upon as a 
neces@aary evil--as something to be kept to a minimum with a 
minimum investment of funds. The questions businessmen raise in 
connection with management and control of inventories are 
basically aimed at action, not at erriving at anawers, The 
questions are stated, unsurprisingly, in the characteristic 
terms of decisions to be made: ¢@.2., where ahall we maintain 
how much stock? However, action questions are not enough by 
themselves, In order to set at the answers to these questions 
aS a basis for taking action, it 1s neceasary to back off and 
ask sone rather different kinds of questions: Why do we have 
inventories? What affecte the inventory balances we maintain? 
How do these effects take place? From these questions, a 
picture of the inventory problem can be built up, which shows 
the influence on inventories and costs of the various 
alternative decisions which management may ultimately want to 


consider, ! 









'3.F. Magee, "Guides to inventory Policy," Harvard 
Lev ie. tistic: cision Series (Campridge, “ass.: 
Harvard ETL Press, 1957), p. 160, 
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An inventory 1a a stock of goods held or stored for the 
purpose of future sale or production. | They constitute an 
alternative to production or procurement in the future, To have 
available one unit of product tomorrow, we may either produce 
(or purchase) it then, or produce (or purchase) it today and 
store it until tomorrow, The choice between the two procedures 
depends upon their relative profitability.© Inventories 0 
further, however, and that ia to buy time, and to decouple 
successive stages of production and distribution. They give the 
manager flexibility in his operations between one stage and the 
next, and reduce the interdependence of the different stages, 
When there is a perfect synchronization between receipts and 
preduction, and between production and sales, it may be possible 
to get along without inventories of raw materials and finished 
goods, Sut even if such perfect synchronization were possible, 
i% ig likxely that it would be uneconomical.” 

In the military the reasons for carrying inventories are 
Similar. Ina sense, tine or a reduction in the interdependence 
of the echelons of the distribution systen is being bought here 
too, but available funds are used also to buy more ready tine 


for weapons systems instead of using the same funds to buy more 








Ie.J, Arrow, 5, Karlin, and #. Searf, Studies in the 
Mathematical Theory of Inventory and Produstion 
Calif.: Stanford University Presa, 1953), p. 18. 


“Ibid., ps 19. 


“TM, Whitin, : 
(Princeton, N.J.: Princeton University 


Stanford, 
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weapons or equipments. The purpose of any military supply 
system is to provide those spare parts and supplies required to 
maintain the equipments and personnel necessary for the 
performance of assigned missions. On the other hand, from 
Congresa and other agencies reviewing budgets, there is an 
emphasis on conservation of available funde by keeping inventory 
levels as low as possible, 

The question before inventory managers, tnen,ia: How 
big should inventories be? The answer to this is obvious--they 
should be just big eneugh. Sut what is big enough? This 
question is made more difficult by the fact that each individual 
within @ wanagement group tends to think of inventories in 
{solation from other operations. In a civilisen environment, 
the sales manager commonly says that the company must never wake 
&® customer wait; the production manager says there must be long 
manufacturing runs for lower costs and steady employment; the 
treasurer saya that large inventories are draining off cash 
which could be used to maxe e@ profit. Such situetions oceur 
ali the time, The task of all production planning, echeduling, 
or eontrol functions, in fact, 1s to talance conflicting 
objectives such as those of minimum purchase or production cost, 
minimam inventory investment, sinimus storage and distribution 
cost, and maximum service to eustomers.' Thies in iteelf poses 
problems, for it is impossible to choose that policy which 


Simulteneously maximises gain and minimises cost, because there 





Iwagee, loc. cit., p. 159, 
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is no such policy--maximnum gain is infinitely large, and 
ainimum cost is zero,! . 

This same parochialism of viewpoints oecure within the 
silitary environment: the Missile Officer wanta his parts 
“now's; the shore-based Controller says that funds for 
inventories are limited, In addition, there is the very real 
factor of operational readiness of the forces to perform their 
assigned missions, as the frame of reference in which service to 
the customer is evaluated. If the equipments needed to perform 
the various missions are out of commission for lack of parts, 
the operational readiness is certainly adversely affected, 
However, it is obvious that it is economically impossible to 
stock all items which might be required in all places where they 
might be needed, which policy would be necessary for the 
customers to have all their requirements satisfied immediately 


all the tine, 


Composition of Invent 

An examination of the composition of inventories should 
be made with the definition of their purpose in ming, There 
are many different types of businesses with different materials, 
but their inventories can be categorized into five groups:? 
materials inventory, purchased parts inventory, supplies 


inventory, work in process, and finished goods inventory, 





'c,J. Hiteh and R.N. MeSean, The Eeonomies of Defense 


in the Nuclear Age (Cambridge, “Mass,: Harvard University Press, 
1960), De ° 


eR » Owens, ment dustrial Enterprises 
(Homewood, eis Ride tein, Ints, 1955), p. 535. 
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Materials inventory is the stock of items which become 
part of the product manufactured, This category is sometimes 
called the raw materials inventory. 

Purchased parts are fapricated items which are bought 
from other manufacturers in a finished or semi-finished state. 

Supplies include those items which are used in 
manufacturing or associated processes, but are not a part of 
the product, Examples are rags, stationery, cleaning supplies, 
etc. These are handled in a separate category, because their 
costs are not assignable to a particular product, and are 
therefore considered a part of the plant overhead. 

Work in process is the partially completed product in 
the factory in the process of manufacture, and is sometimes 
referred to as the "factory float," 

Finished goods are the manufactured products in the form 
in which they will be sold to the customers. 

While these categories sre derived from an industrial 
sourse, they can be applied to any business, although they would 
not necessarily be expressed in the sane terms, In a 
nanufasturing business, the materials inventory, purchased parts 
inventory, and supplies inventory are combined in various mixes 
in the work in process stage, and are produced as the finished 
goods, It ¢an be seen that in this particular frame of 
reference inventories are utilised to decouvle the various 
ateges of produetion and make them more independent of each 
other, Onee the finished goods are produced they may he 
utilized in 4 similar manner to decouple the distribution 
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process from the factory to the sonsuner, 

while the problems of a retail business differ fron 
those of a manufacturing establishment, the techniques of 
inventory management, aa well as the problems, are similar. 

In the military services inventories consist of 
technical repair parts; common«use Supplies; and functional 
goods, such as subsistence stocks, resale merchandise, potroleun 
preducts, medical supplies, etc. 

Technical repair parts, by far the majority of items in 
the military supply systems, are those parts used to repair 
equipments in use in a military service, Most technical repair 
parts are peculiar to one equipment, although mest manufacturers 
try to use their own parts in designing their own equipments, 
and a duplication is found in different equipments by the sane 
manufacturer, There are also certain common<use items, such as 
electron tubes, that are universally used, | 

Common=-use supplies are general supplies not 
identifiable to a particular equipment, including the catecories 
deseribed in the civilian supplies inventory above, Certain 
common-use hardware, such as packing, gaskets, tools, etc., are 
included, 

For the purpose of this paper technical repair parta and 
seneral Supplies are separated from the other commodities ag a 
subject of discussion. While they are all menaged by similer 
techniques, the first two constitute the biecest problem from a 





lo f., Iverson, et Bi., loc. O1%., pp. 5-15, 
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managenesnt point of view, particularly to the sea~going 
inventory manager. In the Navy alone they constitute the 
largest number of items--1.2 mililion--as well as being the 
Classes of items with widest application in terms of different 
Ships or activities using the material. This dees not minimize 
the importance of the other materials to the mission of the 
services, but they represent a small number of items susceptible 
40 more precise manipulation than the hardware type material; 
for example, their requiresents can be determined on the basis 
of number of flying or steaming hours, or the number of people 


on board, 


Distribution System 

It is not enough to say that business or the services 
have inventories to decouple stages of manufacture or to vuy 
time, It is necessary to examine the systems for distribution 
of inventories to provide the service to the custoner. 

Business enterprises maintain inventories at the plant, 
at wholesale warehouses, and on retail shelves, These all may 
or may not be under one control or ownership, but until the 
geods are bought by the final consumer, they are distributed 
through this particular network. Although the particular 
structure will vary with the size of the company, volume of 
Sales, or area of distribution of the product, it will 
senerally follow the pattern described. The more numerous and 
varied are the echelons of inventory, the more complicated 


becomes the problem of inventory management. This agsrezation 
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of activities introduces probleus of redistributing assets 
between Stocking activities, which is also an expensive 
prepesition.! in this respect, the element of time required to 
mave inventories from one echelon te another is a prime 
consideration, and one that partially determines the number of 
echelons required, but also, as Forrester points out, this time 
element has a multiplying effect on usage, causing 
disproportionate stock levels at higher echelons in the system.2 

The military services have sinilar distribution systens 
and problems, but of even more complicated types. in the first 
place, the many different tynes of ships and planes and the 
nyriad equipments installed in them require a large number of 
different items in the inventory; and in the second place, the 
world-wide dispersal of these operating elements of our forces 
requires a Similar supporting dispersion of inventories.2 

The Navy Supply System is predicated upon management of 
inventories by type or category of material in support of 
weavon systems. Host items in the inventory are centrally 
managed at Inventory Control Points, whieh are established by 
eatesory of material, 1i.e@., missile and ordnance, aviation, 
electronics, ships parta, general supplies, automotive and 


construction, subsistence, and fuel. Obviously, these 








‘whitin, loo, cite, p 


a5 .W, Forreater, “Industrial Dynamica," Harvard Dusiness 
Review Statistical Decinion Series, p, 73. 


Past, , UeBa, Department of the wavy » Office of Naval 
Material, Navy Policy and Standards nventory Manscement, 


IAVEXOS p= TOO, February, 1960, Chapter Tle 
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categories have crose-applications in weapons systems, but there 
48 more compatibility for the functions of inventory manacenent 
by type of material than by end-use equipment. The synthesizing 
of the two concepts is accomplished by the weapon syaten 
managers, the bureaus of the Navy Department, who place their 
requirements upen and provide information by weapons system to 
the inventory managers, who distribute and buy material in 
support of these plans. (Without complicating the subject, some 
of the Inventory Control Points have dual functions: as 
inventory managers for their material, and as program managers, 
acting for the bureaus, to crosa-fertilize the weapon system 
program requirements with other Icr's,) 

The materiel is stocked at various supply installations 
around the country and overseas. The top echelon of the 
stocking system is the distribution points. There are large 
Bupply depots, the two major ones being at Oakland, California 
ana Morfolk, Virginia. They serve two purposes, They act as 
wholesale stock points for the insurance items in the various 
inventories, and as immediate support activities for naval units 
end installations in thelr geographical area, This latter 
effort includes support of the fleet in the forward areasq~ 
the Mediterranean and Western Paeclfic, The next echelon 
consists of primary stoek points. These are either sualler 
depots at flest bases, or suprly departments of naval shipyards 
and naval air stations, They provide direct support to fleat 
unites in thelr area. fhe third sehelon ie the retail level, 


which consists of stecks maintained on board ships of the fleet 
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and at Smaller shore inetallations for their own use. 

The concept of central management requires the 
distribution points and primary stock points to report their 
usage, or isaues, to the Inventory Control Points. This is 
perforned almost entirely on a transaction or as occurring basia, 
utilising, to a growing degree, rapid data transmission systems, 
fhe ICP'a maintain records on EDP equipments for each item in 
the inventory; for example, the Naval Ordnanee Supply office 
controls approximately 140,000 items peculiar to navy ordnance 
and missile systems, and the Aviation Supply Office controls 
approximately 600,000 items peculiar to naval aircraft. These 
inventory management activities place orders, at the appropriate 
time, with many different manufacturera for delivery of material 
to the different stock points. A primary concept of Navy 
inventory management calle for delivery from manufacturer to as 
close to end-use as possible, In this respect the Navy does 
not use a wholesaler-retailer approach, and the central 
processing of usage information eliminates much of the 
multiplying effect referred to by Forrester, 

The usage or demand that is reported by the reporting 
stock points to the ICP's is generated by requisitions placed 
by the end-user activities of the Navy: primarily the ships of 
the fleet. 

Not all items in the inventory at the various echelons 
are centrally controlled, There are many items of readily 
available commercial material or insurance-type repair parts 


that either have insufficient Navy-wide demand or are 
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uneconomical from @ procurement atandpoint to manage centrally. 
These are referred to as decontrolled items, and are managed 


by each local stock activity, including ships. 


Shipvesard Inventories 





Inventories aboard the ships of the Navy are an 
important aspect of the distribution system, and more than any 
other segment serve the basic pwrpose af inventor iseste buy 
time. The development of the ability of the Navy to maintain 
itself at sea in a mobile condition has severed the umbilical 
cord between the ship and the shore-based support echelons. 

It 1s mandatory that ships be able to sustain themselves while 
operating as part of navel task forces or on independent duty. 
When ships are operating, their equipments are 

operating; when the equipments sre operating, parts are 
Subjected to wearout and failures, In addition, the normal 
nousekeeping funetions performed by any small city must be 
performed, and this requires supplies, The problem in shipboard 
inventories 18 to determine what itens to carry and how much, 

it may be helpful to trace the progress, briefly, in 
ships’ inventories from the well+-imown “repair part box" to the 
present integrated systen.! 

Until recently, repair parts pleced on board ship were 
held in the custody of the department having primary interest 
in the particular equipment whieh the parts supported. This 
goes back to the basie wilitary policy thet each commander 





‘Lens, OD. Gite, BP.» 2. 
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should have control of his logistic support. The operations 
department held eleetronic spares; gunnery department, ordnance 
spares; and angineering maintained the stocks of machinery 
apares. Repair parts were stowed primarily in repair part 
boxes with a box of spares provided for each installed equipment 
or major component. 

tach of these areas of support had the repair part boxes 
stocked in aceordance with the requirements of tie technical 
bureaus. Each bureau used a different medium for epuine ite 
requirements known to the ship. The media were known AS 
“Allowance Lists,” They contained each of tae pureaus’ best 


estimate of the parts required to support a given equipment. 





The format differed for each technical bureau, but, generally, 
the basie information provided was similar, 

Shipboard allowance lists are important as an effective 
tool for shipboard supply management. O£ key importance is 
their effect on the endurance capability of the operating forces 
They serve as guides for the accomplishment of the initial 
outfitting of newly commissioned ships, as technical doeunents 
a8 well as supply documents for inventory management afloat, 
and as our only available measure of a ship's supply readiness. 
Moreover, the sriteria and policies which govern the 
construction of shipboard allowance lists have an extensive 
influence on many other actions of the supply systen, from the 


shipboard level through the echelons to the bureaus and rcp's.! 
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li verson et al.» Cite, Pp. 26, 
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Under the repair part box concept, however, many 
duplications of inventories existed. Many identical parts were 
used in different equipments, or even the sane equipment located 
in different parts of the ship. ‘Secause of the lack of central 
inventory information, the duplicate availability of a part was 
not known, in most cases, when @ part was lacking in a 
particular box for a particular equipment. Uasically, there 
lacked a centralization of demand or usage information and item 
aveilability for parts being used within the ship as a whole, 

Personnel of the operating departments having custody 
of the spare parts boxes maintained various forms of stock 
records, submitting their requirements for stock replenishments 
to the Supply Officer for precurement action. Thea Supply 
Offieer had no inventory management or custody reaponsibilities. 
Inventory control, as exercised by the cperating personnel, was 
basically "use one from the box=-put one back in the box.” In 
the hands of personnel whoee primary interest and responsibility 
was the immediate repair of inoperative equipments, this system 
resulted in many inventory control service failures«-the parts 
aid not get replaced, | 

As greater quantities of more complex equipments were 
placed aboard ships, the space requirenents for the larger or 
more numerous repair part boxes exceeded the space available, 
especially in destroyers and submarines. Perhaps the most 


Ssisnificant development from the point of view of its 
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far-reaching effect on current repair parts syatens was 
discarding the repair part boxes in favor of centralized bin or 
drawer storage. The requirements determination, or usage data 
base, shifted from the individual unit to a grouping of like 
equipments, The foremost proponent of this approach was the 
Electronic Supply System. The duplications of items common to 
the needs of all electronic systens (plus supply supported 
equipments that were program supported by other ICP's), the 
Spaces limitations, and the cost in terme of dollars all 
eontributed to this development. | At the same time the 
conversion from box stowage to bin stowage was made, the custody 
of the material was transferred to the supply officer. For the 
junior officer on a destroyer this was an assunption of 
responsibilities of great magnitude, 

To eliminate duplication even further, in 1956 the 
Coordinated Shipboard Allowance List (COSAL) Fregran was 
astablished.© The major objectives were to develop standard 
allowance list formats; centralise shipboard inventories for 
all waterials; and te consolidate requirements. 

the magnitude of the problems which existed and the 
scope of the afloat inventory manager's responsibilities has been 
multiplied in recent years, for a technological explosion has 
been occurring. New radio, sonar and radar equipments, not to 


mention new and sophisticated weapons systems have been 





‘Iverson et al., loc, cit., pe. 16. 


“u.S., Department of the Navy, Office of the Chief of 
Naval Operations, OPNAV Inetruction 4441.4 of 20 December 1956. 
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introduced into the fleet, and more are on the way. Ships 
constructed fifteen to eighteen years ago are being continually 
modernized by the removal of older, relatively simple equipments 
and replaced with new, vastly more complex gear, 

As installed equipments have becone more powerful and 
complex, there has been @ conumensurate growth in the number of 
repair parts to be carried on board to insure maximum support 
ef the equipments. A typical destroyer now cerries some 17,900 
items valued at nearly §232,000. A guided missile frigate (DLG) 
carries about 36,000 items worth $500,000. A new Fleet Sallistic 
Missile submarine carries 25,000 itexs worth 61,500.000. 

Inventories of this magnitude require a logical, 
systematic managezent system, which is understandable and usable 


by the afloat supply officer. 





CHAPTER ITI 


INVENTORIES AWALYZED 





The management of inventoriss can be resolved into three 
basic considerations: what to stock; where to stock it; and 
the functions of inventory--how much to buy and when to buy it, 
fhe functions of inventory usually occupy the attention of the 
inventory manager. 

The end result of any business is to sell a product, 
Therefore, the first consideration of what to stock in business 
inventories snould be the finished goods and the anticipation of 
selling them. It 18 obvious that an entrepreneur is not going 
to invest money in an inventory, unless there is some reasonable 
anticipation of selling it at a profit within a reasonable 
period of time. As part of thia consideration, the entrepreneur 
will take into account the risk involved in not selling the 
product and tne loss of the money tied up in inventory. ‘Whether 
he uses a rational, atructured decigion-making process, or 
wnether he trusts to intuition, he will balance these factors 
against each other, Similar considerations are made regarding 
the raw materials inventory and the work in process inventory 
in manufacturing operations. in these cases the anticipation 


of sale is related to anticipation of produetion orders on the 
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plant for the materials that go inte the finished product, It 
is obvious that regardless of the type of product or business, 
some decision must be made before an item is carried in 
inventory, and that decision will balanes cost of carrying the 
{tem versus the benefits to be gained from having it available 
when wanted, 

The problea of selecting items for the military 
inventory is analogous in terms of anticipated usage, The 
majority of the items in the inventory, a8 stated, consists of 
technical repair parts. These are selected either because it 
is anticipated that parta will ffeil, requiring replacement with 
a certain degree of repetition, or because they are what is 
referred to as insurance items, which, in the case of failure, 
would adversely affect the operationsl readiness of the service 
because of the lengcth of time required to procure the part, 
and the time that the parent equipment would be out of 
commission. Consumable supplice are generally selected for 
inventories because of their uttlity fer cifferent purposes 
and becauee there te a repetitive neec for the item, ! 

In both business inventories and wilitary inventories, 
the distribution system, or where to stock material, is net an 
eaeily determined factor. For best service, material should be 
stocked near the point of need, but the fact that inventory 
effectiveness 18 generally measured by turnover of inventory, 


and the parochial viewpoints of the different members of 





lorriece of Naval Material, los. oit,, p. 3-1. 
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management often combine to make the decision difficult. 





The functions of inventory--how much to buy and when to 
buy ite-are basic to any inventory, whether it ce purchased 
parte, manufactured parts, work in process, or military parts 
or supplies, 

Any inventory may be divided into two parte, The first 
4s the element that has as its prime purpose the filling of 
normally anticipated usage, it is known as working stock, and 
is sometimes referred to as "lot size” stock, It is created by 
the quantities that are ordered, and can be seen when the order 
arrives as a finite quantity of goods, 

Basically, this inventory arrives as an order quantity 
is used up and is replaced by another order quantity. 
Everything else being equal, the activity of this inventory can 
be pictured as a saw-toothed dlagram, as shown in Figure 1, 
Goods arrive, are depleted, are reordered at a reorder point 
which depends upon usage and leadtime, are replenished by the 
new order, and the cycle starts again.,! As can be seen from 
this diagram, average working inventory amounts to about half 
of the order quantity and is independent of the number of times 
per year the cycle is repeated, 


The inventory pictured in Figure ! represents an ideal 
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Fig. 2.--Functions of Actual Inventory 
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inventory, and in this pure form consists solely of working 
stocks, Material 1s consumed at a constant rate, and at point 
R, ealled the reorder point, the amount of the order quantity, 
Q, is plased on order. HXaterial continues to be used during 
time period L, which is the leadtine (whether it be purchase 
leadtime, manufacturing leadtime, assembly leadtine, or sone 
combination). The leadtime is the length of time from which the 
need for reorder is first noticed; through the preparation of 
the order, or paper processing time; through manufacturing 

or assembly time; and delivery time to the point where the 
material is put in stock, and entered on the stock records. The 
reorder point, R, is the quantity of material required to 
satisfy consumption during this leadtime period, The terns R 
and Q are commonly used terns to denote their reapective 
concepts of or effeete on working stock and are used throughout 
this paper. 

As a matter of practicality the amount ordered may not 
be a quantity greater than R. The reasons for this may be 
economic or perhaps because of uncertainties in requirements, 

AS a result, orders are placed when the following situation 
oecurs: 
Quantity on hand + Quantity on order = or is less than 
Reorder Point + Obligations or Backorders, 
Conoeptually, the saw-toothed diagram in Figure 1 would operate 
in the same manner, except that K would be above the amount of 
atock on hand at any one time. If Oues are added, the amount 


on hand plue on order would just reach X when each © 1s ordered, 











ln a hea WU 
i ve. wm wey 
eet re, et Ole 
ee hy at et ee OL + | ce A 





lain Tk) TA ITD AY Ae Gemeryy tot meme 





Cs ee! fa NO TED 
Te 
- ‘er ee ee re 6 oo 
| ee 
——— se « 2 ee 
es Crd teh OE Ce eet et me 
ee YES oe et & te 
Ta hee 
Oe ee 
nr = = ae () ee =the Glee + & 
| ee eee 


' 








on ee he eet ie ll! eee ee Oe Meee dee oot 
cl 
atte die) 6 te MN oe Wht « ee Ge ) AAs 
we OF fee te er - oneee me tare 
| re, ake Set | Oey) cepa eee © ony ere 
7) fe OP! Seer Ge Biber © Be eee nee Ge oe gy 
| ——— ere ee ee tae ee 
(he €f 8 Glee Soe 6 et) 1 fie SE ce Ge cee ae 


| 1 ieee an | 
: ‘nw sere 

2 | ae 
— 


q 
, 





26 


If usage and leadtime would just behave the same way all 
the time, the problems of inventory management would be greatly 
reduced. Keorders would be placed at a reorder point equal to 
the leadtime multiplied by the usage. The new order would 
arrive just as the last unit of the old stock was issued, and 
the problems would be pretty much confined to the determination 
of the order quantities. 

Unfortunately, the facts of life are different! 
Leadtins, or usage, or both will vary. Actual results would 
look sonething like Figure 2; the new order would arrive ahead 
of need some of the time and after the need in others, due to 
fluctuations in demand during leadtime, and in some cases due 
to variations in leadtime. As a matter of fact, 1% would be 
expected that one would happen as often as the other, and the 
inventory would fail, or stockouts would occur in one out of 
two orders (this results from using average demande: in an 
average half of the occurrences are greater than the average, 
and half are less). The probability of 50% stockoute when 
there is no safety factor in the reorder point is an important 
concept, Seing out of stock for even a short time every other 
order is not usually considered satisfactory inventory 
performance, It is therefore necessary to reorder at some 
point in tine prior to the point ene would like to, so that the 
order will arrive vefore the last unit of the old atock is 
4asued out. The effect of this action 1s to increase stock 
levels, 


This introduces the second element of any inventory-- 











; aa + +e 
a ee Se ree 
, ee Cet ee OO Ci ee ee ee eet 
2 hr ee tee et ee | ey aed 
Lt A A TS A 
ee el te db eleme - ee ee ae oe 
(hee ee Oh a ee) ee 6) See hee Oe oe ot 
wk eee ek eee ie el eee eee 
ent! TU ie eee i ee ee ome 
| ot (ll en AP cmc tly 
li ll ili: ig A end, i ei: ie ey A, th, i A 
* ent) (0 ee 18 ee er) a) Cur cee et wee 
| ee ee ee | ee 
-— 


———  — a Cee os * 0 semi 
‘ 





27 


safety or fluctuation atocks. The amount of safety stock is the 
number of units by which the reorder point 1s advanced ahead of 
what 16 normally expected to be needed, in an attempt to reduce 
the probability of stockout. This is illustrated in Figure 2, 
At point Ro quantity Q is ordered, which arrives at time To, 
after there has been a need for material, but no stocks to 
jasue. In the second case, safety stocks have been created, so 
that when Q is ordered at R4 and the material is delayed in 
receipt or the usage has increased, a stockout condition is not 
encountered, but rather part of the safety stocks are iesued, 

The total average inventory on hand, then, is the sum 
of the average working inventory (referred to as 4Q), and all 
of the safety stock. it becomes very apparent that safety stock 
48 an important part of the total inventory, and that it is not 
easily identified. Working inventory is quite easily 
identifiable; one need only check on order quantity practices 
to know the inventory that is created by orders. On the other 
hand, to identify safety stock, one must so to some record which 
will show what was on hand at the time each order was received, ! 
This is more difficult. 

The important thing 1s thet safety atock is created to 
reduce the probability of stockout during leadtime to less than 
50%; how mueh less is one of the main problems of inventory 
management. 


The principal causes of inventories, then, are expected 





‘welen, ioe. Cit., Be 255 
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changes (anticipation) in cost or demand functions; 
discontinuities in rates of ordering, production, and sales; 
and the uncertainty of demand.! The problem of discontinuities 


in demand has special effects on military inventories, 





Demand is the most important and difficult element to 
consider in making good inventory manageszent decisions. The 
military eupply business is plagued with the problem that in 
alnost all classes of material most of the items have low demand 
rates and highly unpredictable demand patterns, This particular 
problem 18 recognized by Hiteh:¢ 


Sut of 100,000 Spares allocated as repair parts for a 
modern homber, only 50% may be used at all, and then only 
10% used only at depots (large repair facility). Demand 
for parts at one base may not necessarily be predictable 
for spares used at others, About 16 to 30% of spares used 
on modern aireraft axe pecullar to that godel and 
configuration, and at a twoe-wing bomber base, about half 

of the spsre parts for which demands are realized might 

be at a rate of lower than ten a year. In mest cases, 
demands are lower, Actual variations from month to month 
are greater when averase demand is low, Such a variation 
leaves the mean with Little Sisnificance., The old military 
concept of so many weeks of supply as a measurement of 
stocks, while suitable for, say the cavalry with horses to 
feed, may be moat dancerous when applied to modern aircraft, 


Figure 3 18 an illustration of observed failure ratea 


for spares for the Atlas ICSM guidance eyaten,- This sroup 





Whitin, loc. cit., p. 85. 
@u,teh and MeXean, loc. Git., p. 272. 


6 , itt Phase a, bose Cone Material 
Seehnical hilitery Planning Overation Report 


as Teanta Barbara, Calif.: General Llectric Co., 20 
June 1958), p. 4. 
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Atlas ICBM Guidance System ‘pares 
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consisted of about 5,500 items for which demand was studied over 
a ten-month period, It i8 seen that about 5,000 items 
experienced no demand; about 200 had one demand, which is a 
rean demand of .1 per month; and about ten items had demands 
for ten, which i8 ea mean of 1 per month. The natural reaction 
to this misht be that 1t is to be expected, since a high degree 
of reliability should have been designed into an ICEM nose cone, 
However, the same source refers to a sinilar pattern in spares 
applicable to the 3-47 aircraft, and the Navy has a similar 


1 Nesegnizing that these are all 


Situation in submarine spares, 
Spare parts, refer to Figure 4. The profile of submarine repair 
parts is practically identical to this, yet the profile 
presented in this illustration was taken from a study of general 
Supplies at the Naval Supply Center, San Diego, California, in 
connection with management of decontrolled material.® Here it 
is seen that out of 3,463 items over a three-year period, 736 

or 21% experienced demands of one or less, 848 or 53% had 
demands of less than ten per quarter, This is in a category of 
naterial which is supposed to be characterized by repetitive 
demands, or So-called fastemoving items. 


It is this preponderance of items with very low demand 


rates that causes most of the difficulty in supply management 





lg.8,, sepastacas of the Navy, Bureau of Supplies and 
Apapeets, trodue Var! Stock Levels (June, 1960), 
P. 1. 


2p .F. Neintosh, : ocal 5 y Deeis 
Rules at NSC, San Dier 2 Santa ¥.on Ca, Galif.: 
Planning Scheorsh Sores; 1 October 1959), Pe De 
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in the armed forces, In addition to comprising most of the 
inventory, slow-moving; items also present a high variability in 
demand. Relative variability of demands is determined by 
measuring demand occurrences as a percentage of average demand, 
While variability at high demand rates is greater in absolute 
terns, variability at low demand rates i8 greater in relative 
terms. For an item with @ mean demand of one per quarter, a 
Gemand of six at one time (not an unusual occurrence) would be 
600% of the average, while for an item with a mean demand of 

.1 per quarter, a demand of three at one time (once again, not 
an unusual thing) would be 3,000% of the average, ! Methods of 
coping with this problem are discussed under the concept of 


probability theory. 


Money Value Analya 

There i8 one general characteristic of most inventories 
which is of paramount importance, but is one that is often 
overlooked. It suggests a plan for managers in their approach 
to inventories. This characteristic is that some items of any 
inventory have a much higher annual dollar usage than others, 
which causes a concentration of dollar useage ina relatively 
Small percentage of the total items. Richmond suggests that 
10% of the items may contain 75% of the money value of annual 


usage; 25% of the ttems 95% of the money value.© The 





‘bureau of Supplies and Accounts, loc, cit., p. 44, 


2nd. Richmond, “Streamlined Inventory Cantrol and 
ae Produetion Flamning,” The Controller, Vol. 24, Mo. 4, 
p. 162, 
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corollary, of course, is that 75% of the items represent only 5% 
of the dollar usage. Figure 5 portrays the effeot of this 
charasteristic, 

This phenomenon of inventorlea is applicable to all 
types of inventories: spare parts, senernai aupplies,or 
commercial inventories; although the ratios may differ fron 
those suggested above, they sre generally in the same “bali- 
park." The first step in any inventory study should be to take 
a large enough sample to determine the character of the 
inventory with reapect to this usage-~-value of distribution. it 
is important, because it is the key to the amount of effort and 
money that should be gpent in the control of different items in 
the inrentory, Obviously, much more attention should be given 
to high value iteme than low value, and in effect the low value 
Stems, because of the relatively little fmportance in dollar 
usage, can be given pretty much a “broad brush" epproach in 
applying management techniques. AG statad previously, the main 
gconatraint on management of inventories, as well as any other 
devision, ia the dollar constraint of limited funds available 
for various programs. 

Tne general approach to inventory manazgenent that is 
ausgested by this 18 obviously selacted value management, This 
has been referred to oy the General Electric Company as the 
Aw~Bed system. In Figure 5, the small number of items 
contributing to 75% of the dollar usage are labeled A; the 


modlum Value items, 8B; and low value, C. 
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The problem of what to atoeck aboard ship ia one coming 
under the cognizance of the Chief, Bureau of Ships and Chief, 
Bureau of Naval keapons, who are responsible for the support of 
the équipwents inataliled aboard ship. | 

The stockage of parts on a ship of the United States 
Navy 18 accomplished through the COSAL. There 18 a separate 
COSAL for each ship for each type of material, Hach of the 
COSALS e¢onsiate of three parts: Part One is an index of all 
equipments supported by that COSAL, ineluding those that are 
Supply supported, in response to the requirements levied by the 
Chief of tne Bureau on the program support ICP: Part Two 
consists of Allowances Parts Lista, one for each equipment. 

This serves two purposes-«one is an identification aid to the 
technician, sinoe it identifies parts to equipment drawing 
designations, and the other 15 an allowanse of parts reauired to 
Support that equipment or that component of a larger equipment. 
Part Three is a listing in stock number order of all repair 
parts allevwed on beard to support the equipments Listed in Fart 
One, 

Obviously the heart of the aceuracy of the allowance 
rests in the Allowance Farts List. Repair parte are placed on 
Shins primarily to serve the needs of the ship on whieh they 


are loaded, = 





‘y.8., Department of the Navy, Bureau of Supplies and 
Accounts, BUGANDA Manual, Para, 31001. 
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The question is: ‘Which parts will fail? which will 
fail most often? And which parte are most important to the 
security of the nation, a8 represented by that ship? The 
answers are generally obtainable (but not always sought) if the 
system is a few years old. Data on parts usage can be projected 
mathematically into answers which tell now much to stock, but on 
new equipments “technical judgment” is relied upon. This is 
where engineering and planning specialists venture into the 
realm of intuition-<-a realm peopled by the bureaus, fleet 
representatives, ICP technicians, and manufacturers 
specialists, ! 

An Allowance Parts Liat ie made up at the time an 
equipment or component of an equipment is first purchased for 
installation in the fleet, It 48 an engineer's estimate, 
Supplemented by varying quantities of actual usame data and 
experience, of what repair parts should be carried by the ship 
to satisfy the most likely repair part needs of the equipment. 
fhe APL cannot provide an allowance for every possible repair 
part item whieh might be required by the ship. It is not 
intended to do ao, for neither storage space on the ship nor 
funds available would permit carrying in stock every item which 
wight conceivably fail. However, it has been shown that an APL 
may not only omit items required to satisfy unusual, random 


demands, but it also may not allow items on which repetitive 





'3.5. aes ‘wore Bang for the Buck,” Vonthiy 
Newsletter--Marazine of the Navy ly Corps, Vol. XXV, Ho. 6 
(June, 1962), p. 1 
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demands are experienced, | This may occur because of the 
engineering estimate aspect of requirement determinations, or 
because inmverfections in manufacture, Lastallation or 
maintenance may result in unusual or repetitive demands aboard 
a given ship. 

As am example, in the Pacifie Fleet all guided missile 
frigates were placed in Destroyer Squadron 15 for the first year 
of commissioning. Those ships operated under basically the same 
conditions, had the same equipments installed, and in fact, two 
were built by the same builder. f£ach of the ships had different 
problem areas: one in missile fire control; another in the 
engineering plant; and yet another in the ship's radar 
installation. Yet all had the game allowances of repair parts 
for these equipments. As a result of situations such as this, 
each ship ia required, in effect, to develop its own allowances 
based on failures or usage that may occur, For the Polaris 
program, a computer method of assembling demand for each ship 
and revising allowances for each ship has been developed. 2 

The deeision of wheres to stock the material, with 
reference to shipboard inventories, is tied inte the decision 
regarding what to stock. Usage data refinement is helpful, but 
there is another element that enters into the “technical 


judguent” or intuitive determinations made, and that is 





‘Lenz, loc. cit,, p. 26. 


“personal interview with Cdr, W.5, Weodard, Washington, 
D.o., Coteber, 1962. 
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regarding insurance itemsa. This category consiate of items that 
do not have any anticipated repetitive demand, but are 
sufficiently essential to the operation of the equipment as to 
warrant their stocking as insurance against the possibility of 
failure, Stocking of insurance items falls into two categories: 
stocking aboard ship or stocking in the eupply system. In both 
cases a rationalization is made of procurement lead time against 
necessity for the itex. 

Usage data for shipboard inventory management is an 
integral part of the functions of inventory--the how-much-and- 
when-to-order considerations. For the Supply Officer afloat 
this is his main problem. Reeognizing the tremendous growth in 
the workload and importance of the function of repair parts 
manazenent in destroyers, and in anticipation of almost certain 
future growth, in September, 1960 ea study was made of this area 
in the ships under the control of Commander, Destroyers, United 
States Atlantic Fleet. [t goon became apparent that inventory 
management afloat was not optimum in quality or efficiency, and 
that the destroyer inventory manager was not always making 
fullest use of the materials meade available to him by the 
inventory manager ashore. This study revealed the need for 
detalled procedures governing the conduct of operations in this 
vital area, Hard-pressed destroyer Supply Officers had neither 
the time nor the experience to develop their own procedures, 

The frequent change of supply officers and key enlisted 
personnel produced an endless variety of syatems and procedures 


Lacking in econsiatency and continuity and often failing to 
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achieve the desired objectives, Analysis of afloat inventory 
management revealed that all destroyer-type ships faced 
substantially the same problens, | These problens are not 
Limited to destroyer-type ships, but because of the greater 
number of destroyers and the relative inexperience of their 
personnel cause more problens. 

The guide Linee thet sre published for the supply 
officer afloat use the same general terms that have been 
discussed previously in the commercial or general environzent. 
Unfortunately, the guidance is general, and dees little, other 
than plaee the responsibility for “effective” inventory 
nanacsement on the supply officer cf each ship. The funetion, 
Q, 1s referred to as the operating level of supply--that which 
is required to sustain operations between reguiaition or arrival 
of suceessive shipment, The safety level is desoribed in the 
gene seneral terms, and the reorder level also corresponds to 
the situation as deseribed, 1.@., lLeadtime plus safety level. 

The Supply Officer is made responsible for maintaining 
stock within the limits of the operating plans of the ship,- and 
further states thet he will establish high and low limits (order 
point and order quantity) for all items except those with an 
Bllowanee list quantity of lees than two. The principle purpose 
of these shipboard inventories, in the terms we have used, is to 


buy time. The time that is bought is the ability of the ship to 





'hLenz, loc, cit., p. 24. 


CBUSANDA Manual, para. 36000. "Ibid., para, 35350162, 
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operate for specified periods of time. This is referred to as 
endurance levels, The Chief of Naval operations and the Fleet 
Commanders prescribe stockage objectives in terms of endurance. 
In prineiple, ships should always have sufficient supplies on 
board to operate without replenishment for a period equal to the 
stockage objective as stipulated.! At each replenishment 
opportunity, ships are required to load to capacity. Operating 
schedules for ships are planned so that the replenishment 
opportunity will normally be afforded prior to the time 
supplies on board reach the safety level. in other words, a 
procurement lead time is set for ships. Unfortunately, this is 
an area of various interpretations. The fleeta operate within 
them, but allowance lists are constructed on different endurance 
concepts. Ordnance parts are allowed for a 7#emonth period; 
electronic parts for one year in the case of insurance items 
and three months for repetitive use items; and ships machinery 
parte for 4,000 operating hours or one year,© 

Lack of standardization of procedures on a rational, 
logical basis is further complicated by the Supply Operations 
Assistance Program. This program involves off-loading, 
identification, inventory, remarking, removal of excesses, 


requisition of deficiencies, and re-stowage of all repair part 





‘rpid., para, 351041, 


Personal interview with Mr. J. Gumenieck, Allowance and 
Load List Seetion, Material Management Sranch, Jureau of 
| eiead and Accounts, Navy Department, washington, D.C., March, 
1903. 
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items at the time a Ship goes through its shipyard overhaul, ! 

In the Atlantio Fleet determination of excesses and deficiencies 
is based on a twenty-fouremonth usage quantity, evidently 
because this is the period of time between overhauls. in the 
Pactfie Fleet, shortases are bared on one-year usage and 
excesses on two-years usage.” 

It ean be geen that the rules governing the timing and 
quantities involved in replenishment actions are confusing and 
difficult to audit. While it is generally desirable that there 
be no withdrawal of material from storeroom stocks without 
timely replacement, it is not desirable that the “use one-- 
order one” procedures be followed without exception. The result 
of the latter policy would be, in the case of sone fastemoving 
items, constant requisitioning actions for very small 
quantities. Consequently, both the ship and the shore echelons 
would be burdened with an unnecessarily large volume of 
requisitions to be processed, Procurement actions can be 
deferred and requisitioning actions saved, only by postponing 
replenishments on those items experiencing a high frequency of 
demand. + 

Before leaving the area of the functions of inventory, 


two inconsistencies should be indisated, Although a stage is 





‘Lenz, loc, oit., p. 26. 


“u.S., Commander in Chief, Atlantic Fleet, CINCLANTFLT 
Instruction P4441.6, p. I-30, 


J.5., Commander in Chief, Pacifio Fleet, GCINCPACFLT 


instruction hat, d., De Bede 


“tena, lots Chts, Pp. 27. 
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set for determination of working stocks, the definition of 
endurance levels as preseribed by the fleet commanders and the 
period between replenishment opportunities if not the same. In 
addition, different items have different usage rates, thereby 
requiring different replenishment frequoncies, Therefore, the 
question of how much to order and when to order it is 2t1i11l cpen 
to interpretation. Some items, in other words, do not require 
replenishment each replenishment opportunity. If a two-year 
usage quantity 1s on board it would not be ordered every threa 
months, 

The matter of demand variations has been reiterated by 
the study of the destroyer inventory management. In this case 
it was found that during 4 three-year period, 65% of the Lites 
en the allowance liat do not experience demands. In addition, 
4% was learned that only about 2% of the items sllowed on board 
experience repetitive demands, The demands for these few items 
represented about 50% of the issues from stock. ! Although 
dollar values were not applied to this particular analysie, it 
is apparent that the ASC structure would be portrayed, 

Based on this, the Atlantic Fleet Destroyer Force 
instituted a Selective Item Management program, wherein the 
fast-moving items were segregated for individual management. 
Fastemoving items were defined as those with three or more 
demands in the period vetween shipyard overhauls, 1.@., since 


the last SOAP processing, 





‘rid. Pe 255 “ibid., PDP. 235. 
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CHAPTER IV 


A CONCEPT e=«SCIENTIFIC INVENTORY CONTROL 





Just before and during World War II a new concept began 
to energe-=«the concept of Statistical Decision Theory. Not only 
was this new concept comprehensive enough to inelude all that is 
currently covered in the subject of statistics, but in addition, 
it involved ideas from other areas, such as the theory of games, 
cost accounting, information theory, logic, and economics. 

Consequently, the nane “statiatical decision” is 
gomething of a wisnomer. any people other than statisticians 
have contributed important ideas, The statisticians arrived on 
the scene rather late, and more or less accidentally. They 
translated the exiating ideas into statistical terms, added 
some ideas of their own, and then assembled all of these 
concepts into an integrated mechanism for making decisions, 

Thia deeision machine has already been applied to such diverse 
areas as military strategy and betting on horsea, 

The main reason why many of the repercussions of 


statistical decision have not been felt 1s that publications on 





even they 
sometimes have difficulty understanding them. it may take 


twenty years before these ideas reach other scientists in a 
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comprehensible form and even longer before they are taught to 
students. Specific techniques in cookbook form aay ba 
transmitted more rapidly, but the ideas diffuse slowly.! 

In the specific area of inventory contrel thia is 
probably more true than in those areas of menagement peopled by 
persons with engineering or mathometical backgrounds. It is 
the personal observation of the writer that a& soon as & group 
of complox mathematical expressions is Latroduced to a group of 
non-nathenatician inventory managers, there ils an immediate 
resistance to the entire concept, promoted by the feeling that 
what cannot be readily understood cannot be worth mowing, This 
reaction probably holds true for application of the entire field 
of operations research. 

The expression of concepts in mathematical terms does 
not require the expressions necessarily to be specified 
quantitatively. It is the interrelation of factors that'1is 
important, As Ansher stated: = 

fhe intellectual issue to be grasped firmly is the 
necessity for distinguishing setween quantitative 
apecificity, cn the one slice, ana acouracy in the sense 

of identity with true value on the other. The language 

of mathematics differs from the language of worda not 
because it is more accurate, but because it is more 
menipulatablie, It invites cowparisonse not invited by 
verbal ateatement; and leads to more thoroughly documented 
conclusions. 


4 gontept not appreciated by operating pexsonnel is 





exaa DoJ, Sross, Design for Decision (New York: The 


Maowiltian Co, 1953), Ve ae 


“telvin Ansher, "Price Tags ty | Business Policies,” 
Gq in 7 Vol. 38, HO. ty Pe Tie 
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that even when certein of the factors are specified, the 
quantification does not have to be precise. Not underetanding 
this, the entire qualitative concept is rejected. Qualitative 
judements made by management can be quantified under pressure, 
and need not be accurate to be valuable. One analysis of 
production soheduling denonstrated that cost errore of a factor 
of two prod@uced costs only 11% higher than would have been 
incurred with correct estimates of costs.! This allows 
condiderable leeway in estimation of factors (or parameters), 
and yet provides for substantiated decisions, 

Ae® important as anything elee in the field of statistical 
decision theory is the application of economics, It is the 
recognition of the fact that there are underlying values to 411 
aecisions. This 18 certainly apparent in the Department of 
Defense today. In developing alternative solutions to problems, 
the impact of the defense budget on the national income and 
gross national product requires the maximum utilization and 
optimum management of our resources--men, material, and money, 
It 18 a process of economic trade-offs; deolsions are now being 
made on what to buy and how much to buy on the basis of a 
massive exercise in operations research, Cperations research 
has been used often before, but only in the lower echelons of 
the individual services, and not as the prime basis for overall 


BOD determination of force Levels,* 





ltpid., ps 71. 


2" nefense Budget Geta Unified fer the First Time," 
Business Week, February 3, 1962, p. 76. 
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It 16 axiomatic that we recognize that resources are 
alwaye limited 4n comparison with our wants, always constraining 
our action. If they did not, we could do everything and there 
would be mo problem of choosing preferred courses of aotlion. ‘6 
should, therefore, inquire into the constraints thet exist, ! 

Too often the impression is given fhat the economic 
approach in Washington is an attenpt to put a definite price 
tag on all factors bearing on decisions, in order to arrive at 
optimum solutions, Thie 18 partisily true; it is an attempt to 
quantify, but quantitative economic analysis cannot determine 
optinun solutiona in generally acceptable ways all the tine, 
However, 1% forees the manager to make a enoice,* It is 
recognized that there are uncertainties in any decision, as well 
as incommengurables or those consequences of alternatives that 
gannot be readily translated into the common denominator being, 
used, 1.0,, dollars,’ ‘The important thing 1s that both 
uncertainties and incommensurables should not bo ignored, for 
they have a bearing on the problem and should be considered 
intuitively, if notning else, 

The whole point in this diecussion of deeision theory 
is to stress the fact that decisions can be atrustured, and that 
quantifleation, while 1¢ need not be precise, helps define the 


problem and alternatives invelved, and improves the manager's 





luateh and HeZean, op, cit,, pe 23. 
2ibide, De 217. 
*iDidea, ps» 152, “hide, pe 193. 
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conceptual capability--the ability to see the "big picture." 
With this, deeisions that are made will be more rational and 


will be better substantiated. 





Sefentifie inventory control is & soneept, embodying 
mathematical techniques as tools to manage inventories in an 
economical manner. It is a part of statistical desigsion theory 
and is a synthesis of economic decision theory and probability 
theery, 

The field of inventory manasement has proved to be a 
desirable field for drawins together the interests of people of 
widely diverzent backgrounds, XSeeause of ite fundamental 
importance in business, management is willing to ¢eooperate in 
providing descriptive data and in experimenting with the 
application of new theoretical models, At the sane time, the 
problems involved have been of guch a nature as to engross the 
attention of leading scientists in the fields of esonomics and 
statistics. The issues involved have been suseeptible to 
approaches that run the gamut from extresely simple to highly 
developed abstract models, | 

Mest studies in the area of inventory control have 
soncentrated on the lot seize and eafety allowance aspects, a& 
indeed, these are the most significant areas. Recently, though, 
linear and dynamic programming and servoemechanism techniques 


have been introduced. Linear programming is applied mainly to 





Iwhitin, op. cit., p. 231. 
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Situations with important seasonal fluctuations in demand from 
period to period in an effort to reduce the fluctuations in 
production and optimize the redused overtime costs with the 
increased inventory carrying costa. This has applications to 
and is being used on the redistribution of material within the 
multi-structural inventory distribution system of the Navy, ! 
Servo-nechanism approaches have apnlication to the 
sporadic and fluctueting demand problem. It 16 based upon 
estimating usage patterns and using the feedback of actual 
usage to modify the prediction, It is generally comparable to 
the quality control techniques of using standard deviations 
around the mean, and gives the abllity to adjust operations to 
actual conditions, © 
The first lot size formula was presented in 1959, but 
the intreduction of these techniques ie progressing at a 
relatively tlow rate, As Melnitaky says,” 
The aborigine knew nothing about inventory sontrol, and 
quite possibly his 20th century corporate counterpart is 
equelly unenlightened. The changeover from inventory to 
inventory control bears no date. “Some concerns plunged 
into the healthful waters of seientific management of 
inventories well before the firat World War; others are 
still on the shore contemplating the advisability of 
wetting their toes, 
Several factors account for the transition to scientific 


inventory control from @ liquidity preference approach. First, 








gonelon inventory Peahhon, pert PRC-113 
Planning Research Corp., July 10, 1959). 


“wmitin, log. Git., p. 236. Ibid,, p. 213. 
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the increaslaug size of business establishments uakes operations 
more GLYTicult; second, management personnel have had more 
ousiness training and are wore aware of the ramifications of 
inventory management; and third, tnere 1s an inereasing 
emphaeia on having engineere in cSudiness to give @ asientifie 
approach to management in general. ' 

The management of inventories hes been frequently 
treated aa an intultive process in which neanagenent must rely 
on experienced requisitioners with a “feel” for the problem in 
order to interpret oroperly broad directives, Lacking a more 
guitable tool, these directives take the form of: “Use your 
best judsinent in the determination of order quantities, but 
wateh your total inventory,” and "Arrange the timing of your 
purchases and your manufacture to avoid interruptions in the 
line, but don't take excessive rises of obsolescence or 
unneeded inventory.” Amendments to these directives are likely 
to be just aa broad and vague. 

Kanagement needs a tool that will describe its policies 
in such a way that they can de precisely and uniformly 
interpreted oy requisitioners, The advent of high speed 
Computers makes 1% impossible to rely on individual decisions, 
Despite the ability of the computer to make a staggering ounber 
of exactly correst computations in sevonds, the simplest 
intuitive decision is compietely beyond its capabilities. 


Management decisions have to be made in the only terns the 





‘Vwnatin, hoc. cit., p. 5. 
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machine understands: exact instructions expressed in 
mathematical terms. . 

Sefentifiec inventory control is thie tool for better 
management control of inventory decisions, It requires the 
evaluation of the many individual factors which enter into 
decisions, and this is good, whether the business or 
distribution system be large or small, or whether the reeults 
of the decisions come from people or electronic computers, It 
encourages the combination of problems that are alike for 
blanket decisions and the separation of problems that are 
different for individual decisions. It encourages the 
application of the most effort and analysis to the items which 
are important, and of the leaet to those items which are not so 
important. ! 

foday's business magazines are devoting much space, and 
management seminars are devoting much time, to this "new 
approach” to inventory control. The facta are that a few far- 
sighted exnerts have been writing about inventory formulas for 
a long time, and several companies have been applying them for 
as long as twenty-five or thirty years, Yet for some reason, 
acceptance of the application of formulas is just beginning to 
come into its own in modern business. The advent of the data 
processing machine may be having an effect, but that is not the 
whole answer. Whatever the reason, the recognition of the 


potential value of expressing judgment through mathematics is 





‘weleh, op. cit., p» 13ff. 
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gaining by leaps and bounds,! 


fo understand the principles of the analytic approach, 
one must have some idea of the basic functions of inventories. 
Fundamentally, inventories serve to uncouple successive 
operations in the proceas of making & product and getting it to 
the consumer, Inventories make it unnecessary to gear 
production directly to consumption or, alternatively, te force 
consumption to adapt to the necessities of production. The 
essential question ia: At what point doee the uncoupling 
function of inventory stop earning enough advantage to justify 
the investment required? © 

Working without a complete analysia of the determining 
factors, there is a tendency to make or buy too much of the 
high cost itema (creating unneeded inventory) and too little of 
the low cost items (creating too many orders and costly 
stockouts). The short procurement time items are bought or 
made too soon (again creating unneeded inventory) and the long 
procurement items too late (again creating stockouts). Better 


decisions result in lower inventory, few orders, and improved 


service,- 





We have been talking of the values of the analytical 
approach and quantification of inputs; what does this mean in 


terus of now much and when factors of inventory? Grosdly 





"zbid., pe 15. “vagee, ioc, cit., p. 160, 
oweleh, loc. Git., p. 14, 
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Speaking, we are talking about one thing: optimization of costs 
In the economist's approach, we recognize that funds are not 
unlimited to do all the things that we wish; therefore, we 
recognize the constraints put upon us by the limitation of our 
resources. To generalize even further, we are concerned with 
three cost factors influencing inventory Gecisions: the costs 
of obtaining inventories, the coste of carrying inventories, and 
the costs of not having inventories when needed, or what is 
called shortage or penalty coste, We seek to characterize the 
optimal policy for the dynamic inventory model in terms of the 
various cost factors combined with the uncertainty of denand, | 
It is essential to recognize, however, that in the aprlication 
of the economist's approach, it 18 impossible to choose that 
policy which simultaneously maximizes gain and minimizes costs, 
because there is no such policy=--maximun gain is infinitely 
large, and minimum cost is zero.2 

necognizing that the sclentific decision approach ia to 
ackowledzge the different parameters, we find that there is a 
high degree of unanimity of what costs should be considered, 
Magee provides a comprehensive Gefinition of the costs that 
direetly influence inventory policy:° 

Costs depending on the amount ordered include quantity 


discounts offered by vendors; set up cosate in internal 





larrow, Aarlin, and Searf, loo. cit., p, 135. 
@uiteh and MeKean, loc, cit., p. 165. 
vages, 120s Git., P. 165. 
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manufacturing operations and clerical coste of making out a 
purchase order; and, when capacity is pressed, the profit on 
production lost during downtime for setup. Shipping costs 
represent another factor to the extent that they influence the 
quantity of raw materiale purchased and resultins raw materlels 
stock lavels, the size of intraeplant or plante-warehouse 
Ghipzments, or the size and frequency cof Shipments to the 
customer, 

Production costa, beyond setup or changeover costs, 
mentioned above, include the abnormal or non-routine costs of 
produetion whose size may be affected by the policies or contre] 
methods used. Overtime, shakedown, hiring, and trainings 
represent costs that have e direct bearing on inventory policy. 

Goste of handling and storing inventory include expenses 
of handling preducts in and out of stock, storage costes, such 
as rent and heat, insurance and taxes, obsolescence and 
Spoilage costs, and capital ceats. Inventory obsolercence anid 
spollace costs may take several forma, including outright 
Spollace after a more or less fixed period; risk that a 
particular unit in steek or a particular product number will 
become teshnologically unsalable except at a discount or as 
Spare parts, or go out of style, ste. 

In @ production environment another author! states that 
in repetitive manufacture, where the annusl output is sade up 


ef long runa of identical pieces, a sufficient number of pisces 








Th. Alford and J.R. Bangs, Production Handbook 
(few York: Ronald Press Co., 1945), p. 99, 
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must be run in each batch to offset the cost of planning, 
ordering, tooling, moving, and making ready the work and the 
machine, but not so many as to incur avoidable carrying charges 
on idle finished parts, There is obviously @ point at which 
these two influences will balance each other. 

Unfortunately, however, nowhere in the accounting 
department is there found the cost of an order for even the 
Simplest inventory; nor is there a figure for the cost of 
carrying an inventory. While there is agreement on the 
formulas, there is a variation in views on the determinations 
of the constants. This varlation, though, does not appear to 
vary largely in the final result, even though different 
subsidiary inputs are used. In the holding sost estimate, for 
example, Alford and Bangs! stete that inventory carrying charges 
for average warehouse stocks should be set at about 25% per 


annum. This isa divided as follows: 


Storage Facilities. . . . 25% 
IMBUrance «4 « « 8 © #& © eed 
TANG 46 toowwis eet « e 
Transportation. «+. »« « « 250 
Handling and Distribution 2,50 
Depreciation . « « »« « » 5.00 
TIMS@OPOGSt, «4 6 + eH 2 @ 6.90 
Obsolescence. « » 6 » «+ « 310.00 
25.00% 


An important element in the determination of which rate 
to assign is whether the item is an active item or a desirable 
item. Depreciation, including deterioration, obsoleseence, 


ehrinkace and perverted or uneconomical use, and expense, 





'Tpid,, Pe 297. 
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including extra handling, accounting, in addition to those 
mentioned above, are higher for desirable items than for active 
items. 

It i9 obvious that the cost of carrying inventory will 
vary greatly for different classes of material, Each company 
should make its own estimate based on its experiente of handling 
and atorage oharges, and losses from depreciation, obsolescence, 
ete, To indieate that “ball park” figures are quite often 
Satisfactory, whitin states’! that three companies replying to 
& questionnaire used holding rates of 20%, 13%, and 17%. 

In the Navy, a number of studies has been made toa 
determine the cost of holding stock at various supply 
activities. These studies have shown that, system-wide, the 
warehousing and other physical costs amount to less than 1% of 
the average inventory valuation, Even for items requiring 
special handling or a controlled environment, such as 
refrigerated storage space, these costs are only about 2% of 
the inventory value, However, there are two other elementsa of 
the holding costs which are roughly ten to 100 times as 
important as the physical holding costs, These are the 
obsolescence cost and the interest rate or time preference 
rate,© 

Obsolescence cost is the portion of heldinz cost which 


reflects the fact that demand for the item may disappear or 





‘wadtan, LOG, cit,, Pe 220. 


“sureau of supplies and Accounts, introdugtion to 
Vartable Stoek Levels, p. 3<14. 
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fall off drastically, if this occurs, the item is generally 
Giaposec of at a fraction of its original value... This loss of 
of value at disposal time is a part of holding eset, aince it 
would not have been incurred if the itex were not held in stock, 
S4ree the obsolescence tost is obvicusly dependent upon the coat 
of the item which may become obsolets, it 1s usually expressed 
aaa percentage or fraction of the unit cost, in the same 
manner as other portions of the holding cost. Obsolescence 
costs can be very high (over 100% per year for new technical 
repair parts on sophisticated weapons systems subject to 
engineering modifications), but probably range from 3% to 10% 
for general stores naterial. 

The interest or tine preference rate reflects the fact 
that money 19 searce, or wore specifically, that there are 
other imuediiate uses for money than investment in inventories, 
Even if there were no such thing as physical helding cost or 
obsolescence cost and no dewand uncertainty, one would sti12 
not buy the total future expected demand for an inventory, 
because money is too valuable in other uses, A quantitative 
measure of this “value of money” is the interest rate, or as it 
48 ¢alied in the Navy, time preference rete, If money is 
aecarce or "tight" the effaetive interest rate ie high; if 
money 19 plentiful, the interest rate in low. ith the very 
tight budgets the military serviees face, the effective 
interest rate for inventory inveatment 1s in the nelsiborhnoed 
of 15%, Therefore, for each dollar invested in tuventory, it 


i8 assumed that there 1s a charge of 15¢ par year which must be 
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added to the holding coat. [It is obvious that thia tine 
preference rate cannot be precisely determined, but it hes been 
fairly well estimated, For example, in epplying scientific 
inventory control procedures to provistloning spere parts for 
componente of the Polaris missile program, Admiral Raborn was 
asked how much money he would give up out of this year's 

budget if assured of a certain anocunt next year, His renly was 
equated to a preference rate cf about 20%, Other estimetes 
have been derived in a similar way, for example, considering 
the implicit balance between funds available for buying etock, 
and funds available for operations, or the procurement function, 
From thie has been derived the 15% figure referred to. 

Three elements of the holding cost have heen discussed: 
atorazse costs, obscleseence Gosts, and interest costs, Since 
the last two are much larger than the firet, and since they are 
roughly proportional to the unit cost, it is common to exprers 
the somplete holding cost as a function of the umit cost. The 
Navy used a 20% annual holding cost in ite initial. 
implementation of thease policies, which waa centered around 
general stores material.’ 

This has been a rather rigorous exposition of the cost 
paraneters of the working stock portion of Inventories, It 
was done for the purpose of pointing up the many fastors that 


wust enter into the decisions to be made. In fact, moat 















Ta.S, Gradwohl, Pechntes] Description of the SuSandA 


Stogk Tabis Program, Report PRO#262 |Santa Nonica, Calif.: 
Pianning Research Corp., 1 Auguet 1962), p. 25. 
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decisions in our business and personal lives involve weighing 
the divergent results of alternate decisions, and it is the 
primary point of this paper that these decisions represent 
alternative values or costa. This is impiieit in all decisions 
that are made, And so it is with inventories. The decisions of 
how much and when of inventory usually will be the measurement 
or comparison of the relative costs of one decision as compared 
to another, in doing this, managers may make completely 
arbitrary decisions as to the willingness to tie up funde in 
inventories of certain types, Under such special and limiting 
conditions, many have felt that statistical approaches are not 
applicable, when, in fact, mathematica may ve the best possible 
means for expressing these limitations, and the application of 


formulas may be the key to their management. 





Why formulas at e117 Requisitioners in inventory 
control and purchasing have been making decisions from a 
background of experience for many years, and companies have 
prospered, Gut that ia not good encugh in temorrow's business 
world, Take, for example, the many paranetersa to inventory 
decisions that have been examined above. Management has its 
choice between relying upon an individual's appraisal of these 
faetors, or of making a nanagement decision as to how they 
should be evaluated, Under the preasure of competition and 
epeedet=@up business, it is going to be neceasary to hire more 


individusls to make more intuitive cecisions or to adapt 
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machines wethods in order to speed up the whole decision-making 
proceas,! | 
The application of a formala to the determination of 

Sige of working stocks te basec on the very Simple concept of 
minisising total annual costs of carrying an inventory and the 
buying of that inventory. Figure 6 depiets the relationship of 
the two factors. As the size of ilaventories inereases, the 
tetal annual sosts of carrying thoas inventories inereases in 
direct proportion. On the other hand, as the amount of 
inventory increases, the frequency with which procurements are 
yade decreases, and therefore the total annual procurement 
costs decrease, iiathematically this can be expressed as: 

Totel annual costs =< average working 

stocks x holding cost + number of annual 

procurements x reorder cost, 
The point was previously made that average working stocks are 
one-half the reorder quantity, which was denoted as 4. 
Therefore, $Q 18 substituted in the formula. Holding costes 
are expressed as a percentage, i; unit cost as u; and reorder 
cost as G. The number of annual procurements is equal to the 
total annuel demand dividend hy the reerder quantity, so the 
number of procurements annually is expressed as Y¥/Q. The 
formula then becomes: TAC = Q/2 x ui + ¥/Q x G. This solves 


into the classic “lot size" formula: 





le,f,, Weleh, loo. cit,, p. 15ff. 


Ca.d, Clark, H.W, Narr, and J.R. VanderVeer, 
‘athemetical Ceserintion of Inventory Control Calculator Models, 
Report Paoe100 (Lanta Monica, Calif.: FPianning Research Corp., 
30 Mareh 1959), p. 10. 
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Fig. 6.--Graphic Fresentation or Combined Ordering 
and Inventory Holding Costs 
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ee fous 
wi 
Sinee the procurement costs, holding cost, and quantity 2 are 
#11 constants, they can be broken out as a constant ratio, xk, 
and the formula becomes: 
Qek Vz 
u 


The principal conclusions to be drawn from this are: | 


1. Order quantities vary directly with the square 
root of demand, and inversely with cost. 

2. It is only the ratio of reorder cost to holding 
cost which affects optimum operating level for all items in the 
inventory, and as this ratio increases, the reorder frequency 
will decrease and the average inventory will increase; or as 
thie ratio decreases, the reorder frequency will increase and 


the investment will decrease, 


Reorder | nat and Safe Stocks 


Another important element in the mechanism of the 
inventory process is the lag in delivery of the commodity 
after an order is placed or a decision is made to produce. 
If demand is asaumed to be known with certainty this lag 
is of no consequense; all that is required is that the 
erders be placed correspondingly earlier. In the case of 
uncertain demand, however, the assunptions about delivery 
are important, since the information about the anount 
needed for ordering changes with time. The existence of 
lags in delivery 15 an easential element of inventory 
holding in so far as it serves to protect against 
uncertainty, for if deliveries could be made 
instantaneously without extra cost, the firm could place 





Tsureau of Supplies and Accounts, Introduction to 
Variable »tLoak Levels, pe 2-9. 










a aa 
= * 
a 
a 


OO eal 
oo 
—s sh 
va 
any 
— 


‘em. 
wv oe 
re —_ 
(o-—< ais lh weaeiaioms 
oe tae reg 
. 4 —o«, —— 
mole ' 
eh emteigetnd =" | om 
rae: . or test = ae 
Se eee) te Oe re) eee = 
= lees? ol ait i 
>. aS 
| «er 
an 
oe I~ a 






| 






















61 
4ta ordere after knowing what the demand 18 rather than 
before and thus avoid all posalibility of penalty costs, | 
This auccinetly states the purpose of reorder pointa, 

and introduees a new parameter, As previously indicated, safety 
étoeks are established to reduce the probability of satoeckout 
during leadtime to something less than 50%. This implies that 
there is a cost involved with beings in an out-of-stock position 


when there is a requirement for material, whether the cost is 


explicitly stated or not. 





Quantification of factors in the determination of 
reorder points revolves around two things: shortage costs end 
probability of demand, 

It is easy enough to understand the principle that 
setting a safety stock implies some kind of management decision 
or judgment with respect to the maximum sales level to be 
allowed for, or the cost of service failure. Sut here is the 
"rub": service failure cost, though real, is far from explicit. 
Tt yrarely, if ever, appears on the accounting records of the 
company, except eas 1% is hidden in extra sales or manufacturing 
costa, and it is characteristically hard to define. What is 
new in inventory control is not an accounting teechniaue for 
measuring service cost, but a method of self-examination by 


managenent of the intuitive assueptione it is making.2 The 





larrow, <arlin, and Searf, loe. cit,, p. 24, 
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sonsept of depletion costs or shortage costs has been considered 
by other authors, aleo.! We should, therefore, examine this 
Concept to see what this implicit value is in the setting of 
safety stocks. 

Inu a business environment, it would certainly inolude 
eustomer dissatisfaction, loss of profits, etc., as well as the 
costs of spevial orders and manufacturing. In the military this 
49 referred to as expediting costa, whieh include special 
communications, transportation, and handling. These are 
certainly understandable, and even somevhat measurable in a 
broad sense, A distinction must be made, however, Many euthors 
in Giscussing safety factors, are beguiled oy the mathematical 
convenience of assuming that there 16 a kmown coat of being in 
backorder and derive elaborate models for selecting a aafety 
factor that will balance the cost of tarrying inventory against 
the expected cost of being in backorder, Frequently this 
assumption is merely a confusion between the value of avoiding 
a vackorder and the cost of having a backorder, which may not 
be the same at 411.2 This brings up a special consideration 
applicable to military inventories: the shortage penalty. 

Markowitz discusses the shortage penalty and 4 


nethodology for approximating it in various environments,” He 





‘whatin, loc, cit., p. 60. 


ony a 
RG. Brown, Ss) 
Control (New York: MeGraw- 










1081 Forecastins for Invento 
1411 Gook Go., 1959), p. 119, 


Ju.M. Markowlte, Shortage Penalties in Missile Spare 
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points out that the shortage penalty plays a significant role 
in missile spare parts logistics. In fact, the existence of 
shortage penalties is the sole reason for stocking spare parts. 
If there were no shortage penalties, i.e., if the missile 
squadron went unpenalized when part shortages occurred, there 
would be no purpose in spending money on spare parts, and the 
Spare parts logistics function would be non-existent. without 
this function the missile system would be off the air a great 
deal of the time, thus creating an untenable situation. Nearly 
everyone concerned with supply systems readily admits the 
existence of shortage penalties, but like so many of the other 
paraneters that enter into the inventory decision, they are not 
known exactly, and therefore, there is a tendency to avoid 
considering them, In thia case, people have avoided stating a 
dollar figure because it is dependent on so many factors that 
quantifying it 18 nearly impossible. Sut the concept is not 
completely vague-~-for any inventory policy there is associated 
a cost and a resulting effectiveness, 

This introduces another concept that is the subject of 
much research today, particularly in the Navy. The term used 
is "military essentiality” or "military worth." ‘Simply stated, 
this is nothing more than a realization that all items in an 
inventory do not have the same importance regarding the 
effectiveness of the operating forces. For example, paper and 
pencils for a public information office are certainly not as 


important as a spare part for a missile system. This is just 
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common sense, but it is surprising how often this simple 
concept 18 ignored, ‘The very fact that effectiveness of the 
Navy Supply System is measured in terms of items available 
versus total demands at each supply installation of the Navy 
is one indication, 

The George Washington University Logistics Research 
Project, under contract to the Sureau of Supplies and Accounts, 
Navy Department, has been exploring this area for some years, 
and is the prime source of the concept within the Navy. 

The concept ia based upon the effect of the failure of 
a particular equipment to the mission of the ship or aircraft; 
the effect of the failure of a component within the equipment 
to the operation of the equipment; and the effect of the 
failure of a part within the component to the operation of the 
Gomponent. As & mitigating factor, alternative sources or 
methods of compensating for the failure of the part, component, 
or equipment are considered, For example, if more than one 
equipment is installed, the equipments are said to be redundant 
if they serve the same purpose--the failure of one would not 
prevent accomplishment of the mission, ‘Similarly, if a failed 
part, component, or equipment can be jury-rigged, or 
ecamnibalized, or other alternative solution arrived at without 
a replacement part, the seriousness of the failure is mitigated, 
The essence of this program is to arrive at a hierarcny of 
importance of individual items to the mission of the ships of 
the fleet. 
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In the first GWU report, in 1958,!' there was a total 
of twenty rankings based upon four wilitery worth conaiderations 
of equipmente and five smaintenance potentials, The most recent 
study, one now being used in the Polaris program, indicates a 
possible 2,915 classes, but through aggregation this has been 
reduced to 116, of whieh only fifty-eight are applicable at the 
shipboard level, The 116 is based on twenty-nine military worth 
considerations of equipments and components times four different 
part considerations, 

This concept has found Navy-wide adoption. The Chief 
of Naval Operations through his Instruction 4425.1A, of 23 
Novenbor 1962, has required its use for all shipa, aircraft, 
and their suprorting logistic elements. This is one way for 
the military to get “a handle” on the different repair parta and 
materials oy a logical, structural, decisive process, Keferring 
back to the discussion of the economist's approach in 
Washington, Hitch also recognizes the responsibility of the 
military services to @etermine the military worth of marginal 
operationa.” 

Snortage cost, aS we use it in the Navy, is a meld of 
military essentiality and the shortage penalty. <A penalty 


would be assumed for a particular activity, and the relative 





's.8,, bepartment of the Navy, Sureau of Supplies and 
Accounts, Military Worth (The George Vashington University 
Logistics Research Project, Washington, 0.C., 24 April 1958), 


2us8., Department of the Navy, Bureau of Supplies and 


Accounts, — Polaris--Th eum COSAL Program (The GwU Logistics 
Research Pra fect, Washington, D.G., June, 1961). 


PHAten and Mecean, loc, cit., p. 222, 
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essentiality of a part would factor the penalty from 0 to 1. 
Onee again, precisenesa in the atating of either of these 
coneepts is not necessary to be beneficial. I% ia the 
recognition of the relative importance of different spare partea, 
tosether with the potential cost of stotkout thet is important. 
It has been shown that there is a risk of potential 
stockout during leadtime, and that this stoeckout hes a cost 
implied, Conversely, in the holding of safety atocks to 
minimize the risk of stoskout, there are costs associated, which 
have been described under the holding costa aspects of working 
stocks. It is obvious that the higher the inplied shortage 
costs, the higher will be the safety stocka; end the higher 
the holding costs, the lower will be the safety stoeks, Safety 


stocks, then, are a function of the ratio of holding costes to 


shortage costs. 
Leadtime 1s importent to the setting of safety stocka, 


for the purpose of safety stocks is to reduce probability of 
stockouts during leadtime. Fortunately it is easter to 
quantify than some of the other parameters. There ara two 
impertant factors to consider in estimating the leadtine for an 
iten.! The first is that the total leadtime must be considered, 
and the other ia that the expected leadtime should be based on 
past procurements from a source similar to that from which 


additional material will be recetved, 








‘bureau of Suppiles and Accounts, An Introduction to 
Variable Stock Levels, p, 444. 
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The leadtime for an item vegins when it is decided that 
action must be taken to order, purchase, requisition, manufac- 
ture, or repair an item, and ends when the material is received, 
The time in weeks from the action dates to the receipt dates on 
various stock records is generally an accurate statement of 
past total leadtimes, 

The total leadtine for an item depends on the type of 
action taken to replenish the item. Thus, the time to 
replenish an item by repairing existing stock may be less than 
the time to replenish by requisition from & supporting supply 
activity. in estimating the total leadtime for an anticipated 
replenishment, it 18 necessary toe determine the probable type 
of replenishment and then analyze the leadtinmes for past 
replenishments of the sawe type. Generally, averages can be 
calculated for different items, and it ie not necessary to 
make a calculation for each item with each replenishment, 

By far the most important factor affecting the reorder 
point and safety stocks, ia demand, The preponderance of low 
demand, high variability items in the military inventory has 
been discussed, and indicates the problem of attempting to 
anticipate requirements, 

The very idea of demand during leadtime, discussed as 
the basis for safety stocks, denotes the necessity for arriving 
at some idee of average denanda, but how much history should be 
used to arrive at this average? ‘Generally, the longer the 
historical period the more that fluctuations will be smoothed 


out, but 1% must be noted that too much history may be as bad 
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as not enough, for current effects on the particular item, such 
as changing equipment populations, may be negated. It has been 
determined through study that Navy supply predictions should 
use a two~year base, 

In @ period of phasing new equipments into the service, 
or of phasing oid equipments out, we experience trends in demand 
which the simple average does not adequately recognize. There 
are two methods of compensating for trend: the “Least Squares" 
prediction and a weighted average of demand. The first method 
fits a trend lines through 4 group of observed data to project 
a prediction into the future along that trend line, The 
objection to this approach is that it is complicated, 
computationally, although it has been used with some degree of 
success at the Electronics Supply Offiee of the Navy. The 
weighted average method has been used for some years at the 
Waval Ordnance Supply Office, and is a method of assigning 
weights to the periods of demand used, with the most recent 
period receiving the most weight. 

Recognizing that extreme fluctuations in random demand 
exist, particularly for low average demand items, in order to 
utiiize trend compensating methods of demand prediction sguide~ 
lines must be established to differentiate between actual trend 
and random demand, This problem is eginilar to that of quality 
control on u production line, As stated earlier, servo- 
mechanism techniques are oeing applied to sentrol thia 


phenemenon, 
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The use of averages introduces the arux of the 
discussion on demand, and that is probability theory. 

Por every average of demand over leadtime, 1% 1s | 
possible to conatruct a probability distribution table based on | 
observed demands--ewptrical data, For each one of these 
distribution tables, a cumulative distribution can be 
constructed based on the probability of 2 or more demands 
oecurring. Thus there would be a 1.00 probability of zero or 
more demands, something less for one or more, ete. The risk 
of stocxout that has been referred to would be the sum of the 
probabilities in the “tail” of the cumulative distribution 
higher then any particular value of 2 selected, wherein z 
would be the reorder point for that average. 

This i8 impractical when considering any group of items, 
so the use of mathematical probability distributions is 
utilised, This, of course, is a set of standard tables which 
accomplish the same purpose as constructed tables, but in 
effect, smooth cut the “bumps” and “valleys” in aetual observed 
eecurrences, Sy the use ef these tables, a supply manager need 
only ascertain the degree of risk he 1s willing to take on 
being out of stock on each item; so to the aprropriate table 
for the average under consideration; and select the figure 
associated with the probability of that risk. That quantity 
is then his reorder point in the same manner as it would be 
with empirical tables. Figures 7 and 8 illustrate this idea, 


Statistical atudies of military inventories have 
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applied the “Chi-square” test of best fit, and have ascertained 
that three standard probability distributions best approximate 
actual occurrences, These are; the normal distribution for 
large demand items; the Poisson distribution for medium demand 
itexs; and the negative binomial distribution for low demand 
ttena,! 
The question to be answered, however, is where in the 
tail ef these theoretical distributions do we aceept the risk? 
Some people advocate the use of a standard degree of risk for 
all items in an inventory by use of a factor of 80 many 
ttandara deviations from the mean,“ but this is not wholly 
satisfactory, because of the military essentiality parameter, 


fhe Formula Approach to Reonier 








The point haa been made that safaty stocks are a 
function of the ratio of holding costs to Shortage costs. They 
are also a function of the frequency of orders iu « year, for 
the more often that an item isa ordered, the nore often 14 is 
exposed to the probability of stecreut during leadtiue. The 
formula approach, then, becomes one of minimising total annual 
costs of holding costs and shortage costs, in the sane manner 
that holding cost and procurement sosts were optimized for 


working stocks. The Navy's prime contractor in the area of 





"UB, Vepartment of the Wavy, Bureau of Supplies and 


Ascounts, Provisioning Subcommittees Report, {Advance Copy) 
(Washington, D.C., 15 May 1962). 


“whitin, Lote cits, p» 43. 
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inventory control research has utilized dynamic programwing 
techniques to arrive at what in essence is a very simple formula 
for ascertaining the maximus degree of risk of steckoute during 
leadtine we should be willing to take:! 
Probability = 2 | . 
(Actual demand Shortages Cost Annual Demand 
during leadtias 


exceeds reorder 
point) 





It can be seen that the formula recognizes the ratio of holding 
cost and shortage eost, a5 well aa the frequency of reorder, 
The aetual selving of thle expre¢sion was expreased aa an 
ovtimization of the combined reorder costs, holding sogts, and 
Shortage costs. In this paper they have been separated for 


Bimplicity of presentation. 


Implications for Managenent 


Utilization of scientifio inventory manazement 
techniques gives management a tool fer controlling the 
effectiveness of its inventory policies which 1t never had 
before, As in any form of sclentific management, the 
atructuring of decisions requires menagement to analyze the 
interrelationships of parameters that enter into decisions. 
This anelysie quickly indicates to the manager which factors 
are relatively more important than others, and allows hin to 
consentrate his attention and efforts where they will produce 


the most benefit. 





lolark, sary, and VanderVeer, loc, cit,, p. 11. 
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Attenpts to introduce the concept of setentific 
inventory management have met with much resistance from 
operating pereonnel. Thies resistance is engendered partly by 
@® lack of full comprehension of the concepts involved, but 
probably more from the difficulties involved in quantifyins 
parameters, The lack of ability to be precise in assigning 
values to such factors as the cost to hold, causes many to 
react againat the validity of the entire concept. It is 
encumbent upon managerial personnel who desire to utilize 
contents such as thia to: first, ensure that their 
subordinates are aware of what the concept is and what 1t means. 
Seeondly, they must demonstrate that errors in parameter values 
do not engender the sams degree of error in optimum policies, 
and of more importance, that the estimation of parameters 
individually for manipulation by a logical mathematical 
approach gives more consistent decisions which are in 
themselves much better than the intuitive approach to inventory 
control. The very fact that the order quantity is a result of 
@ square root function, and the reorder point is the result of 
a probability distribution function indicates that the results 
of decisions are not linear with the variability of the 
paransters, 

One of the mejor benefits to management is that they 
now have the ability to project the reaults of a decision, and 
to make decisions on the basis of those projections or 


Simulations. The Monte Garlo simulation technique uses tables 
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of random numbers as substitutes for actual demand; numbers 

are taken from the table, and through iterative procedures in a 
sonputer are applied to probability distributions to arrive at 
random demands, This figure 1a then applied against an 
inventory model set up on the basis of a management decision and 
the issue ie sisculated, alongs with reorders, when necessary, the 
arrival of material, and stockouts. ina few minutes’ time the 
action of an inventory for a period of weeks, months, or even 
years can be simulated, 

Through the use of models and by varying parameter 
yalues, management is able to make decisions with a better 
lnowledse of the consequences of those decisions, In inventory 
management the manager ie concemed with what level of 
effectiveness or customer service he tan attain without undue 
increase in the costs of managing the inventory. Figure 9 is 
an example of how this can be accomplished, Sy varying 
parazneters in &@ simulation process, several scurves such as 
ghown can be derived, and the most economies) one chosen, and 
those parameters assigned to decisions, Within the Navy this 


device has been used with some success, | 


The most important 
thing to reeognize is that it gives the manager the ability to 


get a policy with @ much higher degree of assurance that this 





'R.G. NeIntesh and A.J. Gradwohl, Report on weet! Ay 
Polaris rite Control Syatem iocistics Manazement Study, 


Teennical Military Planning Operation Report A5SOTHr}~ (Santa 
BAPDAre, | calif,: General Electric Co., 30 yn 1959), p. 18. 

2.G, Uelntosh, Improvement of Looa Decision 
Rules at i NSC, Report PRC~132 (Santa Monica, Planning 
Research Sora. t Ostober 1959), p. 17. 
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policy will be consistently followed, and it gives him more 
flexibility. If his funds are cut, for exampie, he can increase 
the funding constraint or time preference rate to reduce the 
amount of inventory that will be held and at the same time 
realize that he is increasing the risk of stockout, The point 
is that he will know what the results of a decision will be, 
In introdueing new programe, wost of them fall when 
sonethins unanticipated happens. Inventories may build up 
unexpectedly, or the order rate may increase more than 
anticipated, and soon everyone is happy to return to the 
intuitive approach, ! One way to avoid this is to analyze 
present procedures and to introduce new methods in a way that 
will assure some improvement without attempting the optimum at 


the beginning, 





'weloh, log. cit., pe 17. 








: 
le eel eet 









a4== PES. 
ee ee petal 
ae a Aw Ne et mmr 


an om certs te Oe) et aes Ot ce Sent ped teen 
SP am oe omen aif Mea name ee ad ald OI 

ee ee ee tele 
° 





ee 
' Ce 
Hi OH ce a ae | ce mane 
—_ wth oe eee of es CU ee, 
- thd lO lll ay i el a ha 
athe! a ee 














— 













| 







CHAPTER V 


THE CONCEPT APPLIED TO THE AFLOAT INVENTORY 





The only reason in being of the entire military 
logistics complex is to ensure the combat or operational 
readiness of the combat forces. In Chapter II the point was 
made that the purpose of inventories is to buy time, and thet 
in a military inventory the time that 18 being bought is 
operational time of weapon systems. fet in the past, this 
point has been only dimly conceived, and even then not too much 
importance has been given to it. it has only been recently 
that decisions regarding inventory control have begun to be 
atructured into a logical arrangement, whereby the end purpose 
18 explicitly considered, 

The concept of operational readiness is essential to 
an understanding of the reason for inventories aboard Navy 
Ships, The Navy is built around a number of different weapon 


glements, 1.e,, aircraft carriers, destroyers, submarines, etc., 





‘the eonetructs of this section were, for the most part, 
derived from an article, Syne Essentiality,” by Commander 
HoP. Mills, Supply He. US, Navy in “9 Ly 1 
7963) » tt ie the ets lan of the writer that omuetiog Hillis 
has one of the finest conceptual minds ef anyone in the Navy 
recarcing the meaning of supply support, For this reason the 
liberty has been taken of freely extracting ideas and concepts 
from nis work, 
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each with a mission falling within the mission of the Navy as a 
whole. flowever, one facter peculiar to the Navy as 
aifferentiated from the other services, is that each ship is 
Gapable of performing more than one mission, particularly in 
the destroyer foree, where the missions sasigned may be anti- 
airoraft, anti-submarine, or shore bombardment in nature, At 
any time the operational readiness of a ship is its capability 
ef performing a particular mission that has been designed into 
the ship, and the Commanding Officer in reporting his ship 
ready for sea must eonsider the interrelationship of the various 
missions of which his ship is capable, aa well as the primary 
misgion(s) assigned to hiz at the moment, 

The ability of a shin to carry out a particular mission 
depends upon ita ability to perform a number of major functions, 
each of which can be thought of as carried out by 4 system, 
Each of these Syatens in turn is dependent upon the performance 
of sub-systens, which together comprise the parent systen. 
Commander, Cruiser-Destroyer Fores, United States Atlantic 
Fleet and his staff have suggested that the destroyer as a 
woapon system 18 comprised of the following systems and sub+ 
ayotens: 

1,0 Mobility 
1.8 Propulsion 
1.b Hull 


{.c Auxiliary 
1.d Navigation 
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2.0 Target Cetection and Location 
2.4 Air Targets 
2e.b Surface Targeta 
2.¢ Sube-surfeace Tarsete 

3.0 Weapon Delivery 
3.8 Air Targets 
3.b Surface/Shore Targets 
3.0 Subesurface Targeta 

4,0 Personnel Support 


4.a Health 
4,u Safety 


5.0 Communications 

Using a guided misegille frigate as an example, there is 
aprimary mission of anti-aircraft defense of a task foroe; 
however, within the mission tcepabllity of the frigate is an 
anti-submarine capability, a8 well as surface er shore 
bombardment of a limited scope, Within the weepon delivery 
gyaten of the anti-aircraft defense mission are the sub- 
aystema of a guided missile system and a gunfire systen. 
within the guided missile system are sub-sub-systems of missile 
launching system, fire control system, and the missile itself, 
Within the fire sontrol aysten, the most complicated, rerhaps, 
is the missile radar, which tracks the target and provides 
electronic guidance to guide the misalle to ite target; 
several computers to correlate the action of the radar with 
changes in target course, apeed, ete.; and weapons control 
equipment which controls the operations of the entire suided 


nissile systen, from target acquisition through missile firing 





ea lalla Tey pe AT, WN Pk! aL GAAP 
air), ce Ae ae? fee Ge oe elanmar aw) © 
(Pad 21 SAAR Ae, AP AR, Oe 

a Ae © i at Ee oie? snore 
ee 
ve ee dtm <n een 
| antes 206s Gere fests eee et) eee efimele 





30 


to target destruction. 

This etructuring of the weapon system can be continued 
down through the equipments comprising the sub-sub-systems to 
the components comprising the equipments and the parta 
comprising the components, 50 that eventually there le a 
relationship between mission performance and parts performance, 
Figure 10 indicates the hierarchial relationships of the 
mobility system. In considering the ability of the ship to 
perform 1t3 mission it is important to recognize that the 
operational readiness is a factor of the systems acting in 
combination, and the perforuance of the sub-systems down to the 
components is alse one of interrelationship of things scting in 
combination, 

Onee the hierarchial relationships of the equipments 
Within a ship are recosnized, it then becomes necessary to 
determine what the levels of performance are for each of the 
systems within the ship-system, There can be many levels of 
performance; therefore, judgment must be used to reduce the 
alternatives for selection to a relatively few significant ones, 
Por example, in the propulsion sumsystes of the mobility 
ayaéten, there 18 an infinite number of possibilities, ranging 
from © knots to the maximum speed designed in the shin. 
However, there is little advantace to be gained from 
aifferentiating between minute changes in speed capability. 
COMCRUDESLANT has divided the alternatives into three groups: 

1. Capable of full speed with split plant 


operation, 
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2. Any conditions less than the above but greater 
than those described below. ) 

3, Sapable of less than etandard speed, 
This 1s an example of the type of judgment that must be made in 
determining the operational readiness of a ship. An extension 
inte the field of miasiliry mignt require a consideration of 
rate of fire of missilee or seconds of dezrees in vomputer or 
radar oscillation. 

When the variabies for each systen are determined, it 


is then possible to arranze a matrix as follows: 
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This chart rather crudely depicts the different states that this 
ship theoretically could be in, ranging from the best state, 
when all equipments are operating at designed performance, of 
Al, a1, C1, DI, E1 to the worst of A4, 33, C4, D3, E2, when all 
equipuents are down. There ia a total combination of 258 
combinations of states of readinees (4 x 3x4x3 x 2). These 
can be put in a ranking order to describe differing degrees of 
readiness, and as such would constitute an index of readiness. 
However, to put all ships on the same basis the rank order 
should be transeribed to a percentage basis so that 100% 
readiness would be meaningful to all concerned. Commander Mills 
suggests that the relationship is not linear, but rather 
exponential, and in fact, exponential scaling of the hierarchy 
was used in construction of the allowance list for the Polaris 
program, a8 will be described later. 

An important factor to note is that the level of 
performance of the systens, the sub-systems, stc., down to the 
parts can be done by those in the command etructure best fitted 
to determine their importance. The Commanding Officer, for 
example, would describe levels of performance of the systens, 
the department heads of the sub-syatems, division officers of 
the sudb-sub-systems, down to the petty officer reaponsible for 
maintaining each component describing the levels of importance 
of each part to component. 

Another important factor is that the performance of 
each level of the hierarchy is dependent upon or mitigated by 
the importance of the elements of the level just below it, and 
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that there is a cumulative effect, A part that was 100% 
essential to its component, which in turn was 100% essential to 
its equipment, on up to the system, would have as much 
essentiality to the operational readiness of the ship as the 
weapon system itself. 

Recognizing the interrelationships of the various 
systems, etc., to the operational readiness of the ship, the 
question arises as to what this means in terms of supply 
management. The answer is in terme of failures of different 


1 As the equipments 


parts in @ifferent components of equipments, 
are operated, parts fail, they are repaired, operated some more, 
and other parts or the same ones fail again, Sometimes the 
parts that fail are in stock aboard ship and sometimes they are 
not. 

This cyclical process in the life of a component or 
equipment can be conceptualized by breaking it into three main 
time periods, There is the mean (average) time between 
failures, mean repair time, and mean time waiting for parte. 

The sum of these is the total operational time of the 

@quipment: the ratio of mean time between failures to the total 
operational time is the effectiveness, “up" time, or reliability 
of the equipment. It should be noted that the design engineer 


designs the equipment to be as reliable as possible, i.e., he 





lu.s., Department of the Navy, Bureau of Supplies and 
Aecounts, Assistant Chief for Research and Development, 
*“4litary Eseentiality Coding,” OW Notes (Washington, D.C., 
22 Oetober 1962), p. 2-5, 
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tries to extend the mean time between failures to as long a 
period as possible, On the other hand, the ies vebeir time is 
a function of how well the equipment can be maintained--how 
easy is it to "trouble-shoot" the equipment, how difficult is 
it to replace failed parta, etc.? To a certain extent this, 
too, 15 a design feature of the equipment, and should be 
considered by the engineer concurrently with reliability. 
Another engineering consideration which reduces both the mean 
repair time and the mean time waiting for parts is redundancy 
of equipments, which is to say, that more than one equipment 
performing the same funetion ie deeslgned into the ahip to reduce 
the sum of wean repair time and mean time waiting for parts to 
zero, ae far ag operational readiness of the ship ia conoerned, 
This is done quote often in the ease of highly essential sub- 
aystens, and provides some latitude in spare parts stocking. 

To synthesize the concept of tne effect of performance 
level of the systems on the operational readiness of the ship 
with the concept of the cysle of eomponent failure, it can be 
agen that as parts fall, tne operational readiness of the ship 
is reduced by varying degrees, depending upon the importance of 
‘the part, and the tine it takes to repair the equipment; the 
repair time is a funetion both of actual repair tine and time 
required to obtain a spare part, This, then, is the crux of 
thia thegie: funds available for stocking spare parts on board 
ship should be spent on those parts which will reduce tine 


waiting for parts in the areas where operational readiness will 
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be increased to the maximum extent. This is the time we ouy 


with shipboard inventories, 


Military essentiality Coding 
One of the dreatest strides forward that has been taken 


in applying etructured decision-making concepts to afloat 
inventory management has been the implementation of the Military 
Zasentiality Coding Program, whieh was developed through The 
George Kashinceton University Logistics Research Project, and 
was briefly described in the previous chapter. The purpose of 
Military Easentiality Coding (MEC) is to establish a basis 
whereby pereonnel of shins and aircraft can formally evaluate 
the relative military importance of on-board equipments, The 
military importance assigned to an equipment will be determined 
by relating the function of the equipment to the accomplishment 
of assigned missions,! The iwmediate purpose is to relate 
repair part support to the ability of a ship or aireraft to 
perform ita mission(s). In other words, MEC is the application 
of the soncept of operational readiness as described in the 
preceding section. 

The original allowance list atudy on MEC was conmenced 
in 1957, and applied to Submarines, the USS Tiru, a World War 
II fleet type, in particular. The purpose of this study was to 


develop techniques for maxing determinations regarding the 





'y43., beparbees' of the Navy iw of the Chief of 
javal Operations, a Instruction 4 442%. 1A A (Washington, D.C., 
a> November 1962), Pe + 
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range and depth of items to be included on shipboard allowance 
lists. Resulting from this study were technical. papers 
explaining the results of intensive research in two areas: the 
development of a technique for determining the military 
essentiality of repair parts, and allowance list models. These 
technisal papers were reviewed by the Special Projects Office 
in April, 1960. The Special Projects Office was interested in 
furthering the results of this early research effort for 
application to the Polaris subsaringe allowance list program, 
The results of this extension of the research progran are 
deseribed here, for the program developed ila now being applied 
Navy-wide, |! 

One of the major problems in the development of optimum 
military inventory control systems hae been the need of a 
measure of the relative importance of supplying one iten instead 
of another, It had been generally resesnized that some items 
were wore important than others, but no way of objectively 
measuring and comparing the military essentiality of each item 
had been expligitiy used in inventory control computations. 

The research study was aimed at developing a technique 
for making wilitary essentiality evaluations, This study, the 
most somprehensive ever initiated in the problem area, obtained 
wilitary easentiallty data on some 3,000 equipments and 
conponents and 51,000 repair part applications for the USS 


George Washington (8588-598). The military essentiality study 





'o.f,, Bureau of Supplies and Accounts, Polaris--The 
imum COSAL. 
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included the active participation of personnel of the Bureau of 
Ships, Special Projects Office, Polaris contractors, officer 
personnel of Submarine Squadron 14, and the USS George 
Washington and USS Patrick Henry. 

The immediate purpose of the study was to develop a 
military easentiality measure for use in allowance list 
preparation, The goal, initially, was to improve the Navy's 
gapability for providing allowance lists maximizing the 
endurance of ships in consideration of budget and space 
constraints, It 1a important to note, however, that MEC in 
itself does not provide the date required, It 186 just one of 
the input paraxeterea to provide the solution; hovever, for the 
first time it is being explicitly considered in the decisions 
that must be made in stocking a shipbeard inventory, 

The military worth of a repair part is based on a 
consideration of part-to-component-to-equiprent-to-mission 
relationships. Repair part failures are examined in a series 
relationsahip=--that is to say that the failure of a given repair 
part is not looked upon in isolation, but rather is dependent 
upon its application to a specific component, to a specific 
equipment, and to a specifie ship's mission, In other words, 
it 1s the synthesis of operational readiness and material 
failure discussed in the preceding section. 

Initiation of the military essentiality atudy was 
dependent upon obtaining a complete and accurate list of the 


installed squipmente 2nd components of the USS George Washington, 
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These were aubjeoted to evaluation by three independent 
participants: the sconetractora, technical bureau personnel, 
and fleet persennel, The purpose of obtaining multiple answers 
was, first, to determine if there was a particular bias from 
any one of the participants and, second, to obtain a measure of 
consistency. 

The questionnaire for equipments and components 
included a statement of a typieal patrol fer a Polaria 
gubmerine, The most gignifieant aspect of the atatewent was 
the requiresent that the submerine etay on station independent 
of supply suppert for the full peried of the patrol, and that 
in effect, the submarine would have to endure the loss of the 
funetion being performed by that failed component for the full 
length of the patrol. The mission requirement of independent 
operation for the full length of a patrol provides a measure 
of the seriousness of the failures being evaluated. 

The fermat of the questionnaires for evaluation of 
equipments and for components was similar. The sasential 
aifference was that the one for equipments was voncerned with 
the effeets of failures of the mission of the ship, and the 
ene for components wae concemed with the effects of failures 
on the parent equipment. 

The queetionnaires were divided into three sections. 
The first has to do with misetien effect. In this case the 
participant assumes the simultaneous failure ef the sum total 


of equipments installed to accomplish a particular function. 


) 


' 





° 
— he a RN 
ee ee | 
a ee ee ee 
eG Ge ae (ee A SA oll Ne cm va 
ed 
ae Oe eee OO »<« 
hes 0 ab aie) tO oe © Gere 
-——-——t oe fo Yer SE — —eereme 
| pilin imme a and ah sae emmpemmne at 
a ie 6 oe me ee Ue ee ee oe pee + 
ol Sed at mre ee ere tere oe | ae £6 
-_ a Ooms Ie — ee ol eemend 
| tz_—,9 © tower! ey met) ee tee od & ae 
he. ORO es ee ee ee 
ae Gem ee SO eee oe 
2 OAS eee ee 
wn Oe wi Oe eee ee ee eee 
ve St 6 eee te ee et et et eee 
“ce ££ ¢ ot eee = § oe!’ ae, SoM ov 
i=m—tte 2 ate it Ei a ed Se am 
117i Sm Ae a, 
tt «ln Ai er — ia: a 
—1me nee <i anew «.. 7 oe wait 
in om lle ATS ———ee Le” ore 6G Pte 
m——Z,;} MN Om, eee eee eee 47 


90 


For example, if three units of a particular motor are installed 
the assumption is that all three have faiied simulteneously. 
The questionnaire requires the participant to render a decision 
on the effect that this simulteansous fallure will have on the 
mission capabllity ef the ship, ‘Three choices are available; 
they range from failures which necesaitate the inaediate 
termination of the patrol action, toe failures which have a 
negligible effect. The possible situations are indicated by 
numeric codea 2, 1, or 0, respectively. The participant 
determines which situation applies for each equipment/component 
in the etudy and checks the code number applicable to nis 
decision. 

A eode 2 decision indicates a failure, the seriousness 
of which would cause the ship to break off tne patrol and 
immediately return to port for repairs, A code 1 decision 
indicates a failure whieh would introduce a caleulated risk 
into the accomplishment of the mission; the risk would be 
restrictive in terms ef the operational capability of the ship. 
However, the ship would be able to stay on station. <A code 0 
decision indicates a failure whieh would have minimal effect 
on the aceomplishment of the assigned mission. 

The second question has to do with redundaney, which 
48 the availability of duplicate installations of the same 
equipment and component, which, assuzing tae failure of the 
prine unit, can permit continued performance of tne function 
of the prime unit. As in the previous question, three choices, 


Sinilarly coded, are available to the participant. A eode 2 
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decision indicates that there is no redundancy, i.e., there is 
only one unit installed, or 1f multiple units are installed, the 
failure of only the prime unit would be as serious as if all 
unite failed simultaneously. A code 1 decision indicates that 
if the prime unit failed, the surviving unite permit continued 
operation, but with some loss of effectiveness. <A code 0 
decision reflects the case where the surviving unite permit 
continued operation with no loss in effectiveness, 

The third question relates to the availability of 
alternatives or emergency methods to continue operations in the 
event of the failure of the prime unit. An example might be 
the case of an emergency power generator which is installed 
for emergency purposes, as the name implies. Juryerisggings of 
substitute operational capability is another case. The choices 
and coding for decisions are the same as in the ease of 
redundancy of duplicate equipments, 

In the case of the part questionnaires, only one 
answer-~from technicians at the inventory control points--was 
obtained, Part esesentiality is determined by technical judgment 
in two areas, The first is whether or not the part is 
installable by ships foree under routine operating conditions 
with the tools and talent avallable. The second area of 
judgement is the effect of the failure on the parent component, 
and then enly whether the effect is of major degradation of 
operation or minor degradation, These judgments are reported 
by four eodes (1 through 4), 14 and 3 indicate installability 
by ships foree. i and 2 indicate major effect, while 3 and 4 
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are minor, It can be seen that this decision borings together 
the reliability and maintenance policies ostensibly considered 
by the design engineer when first designing the equipments, 

The MECs resulting from the study were ranked in order 
of importance. It Can be seen that the number of classes wan 
rather large, There were a total of twenty-seven equipment 
classes (three decisions with three choices each; 3”) and 
twenty-seven component classes, or 729 total equipwent/ component 
conbinations, Multiplied by the four part classifications, this 
made a total of 2,916 total possible renke. This was obviously 
unworkable. The Small differences are comparable to the 
a4ifference between minute chenses in speed capability used as 
an example in the discussion of operational readiness and levels 
of performance, It was, therefore, necessary to conubine 
glasses, The reault was twenty-nine squipment/component classes 
times four part ¢clasees for a total of 116 NECs; however, since 
only two part classes were applicable to shipboard meintenance 
sapabilities, the number of MECs considered for shipboard 
inventories was reduced to twenty-nine times two, or fifty-eight 
These were HECe 116 through 59 in descending order of 
importance. Class 116 is comprised of these parts coded 1 
(major effect) and equipment/component 222 222, From this 
discussion i+ can be seen that a method was developed, as 
operationally feasible, by which the parts in a shipboard 
inventory could be ranked in order of their importance to the 
operational readiness of the ship in performing ite assizned 


misston(s). 
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Although the study indicated a high degree of 
consistency in the results from the three individual sources of 
estimation, a study of these results indicated that perhaps 
more Specific criteria were required for evaluations purposes, ! 
The Chief, Sureau of Ships, noted certain discrepancies: 

1. Component coding 
a. Components of equal importance to the 
ship's mission were assigned to different MEC classes, 
De Minor components were assigned to a higher 
MSC elass than the major component in which it was installed or 
which it served, 
c. Components were assigned to incorrect KEC 
Glasses vecause of the grouping techniques that were used, 
d, Components in separate but interdependent 
systems were assigned differing MEC ratings, 
2. Parts coding 
@, Parts having an identical functional use 
in different components were designated as having major 
importance in one component and minor importance in another, 
b, Parts in both categories of part 
essentiality were often incorrectly designated. 

Recognizing that any new systen has its difficulties in 
the initial implementation etages, certain significant results 
cane forth from the study, it was found that in the equipment/ 
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"u.5., Department of the Nevy, Chief, Bureau of Ships, 
Letter Serial 626A-561 (Washington, D.C., 24 July 1961), 
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component evaluationea that only 4% of tne components were of 
the highest military worth, 1l.e., MBC 116, 11% were considered 
to be of high worth; 4.@., MEC 105-115, and the balance, 35% 
were of low worth, Similarly in the application of the part 
evaluation to the above, 4% were in MEC 116; 7% were high 
worth, 1.e., “EC 110-115; 76% were low worth, 1.¢., MEC 88~ 
106; and 13% were of the lowest military worth, 1.¢e., MEC 
59~87. 

This study confirmed the previous studies, in that 
relatively fow of the repair parts applicable to a ship's 
system have high military worth, and conversely, a majority 
have relatively low essentiality. This enables the ship to 
pinpoint those items which are vital to operating missions, In 
effect, 1t provides the Navy with a realistic and specific 
definition of insurance items, 

The use of Military Zssentiality Coding wae directed 
oy the Chisf of Naval Operations to be implemented fleet-wide, | 
It 18 significant to note that the implementing directive 
atated that for systems presentiy installed in the fleet ALL 
PARTS WILL HAVE THE ESSENTIALITY OF THE PARENT EQUIPMENT/ 
COMPONENT. In other words, a method is now available to ali 
shipboard supply managers to evaluate the importance of the 
items of their inventories through a relatively simple coding 
program for the components listed in their COSAL, Of course, 


the coding would be done by the technical personnel of the ship, 





'ontef of Naval Operations, loc, cit. 
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but nevertheless, the study described herein indicated that 
this is a relatively simple task that is not too time- 
consuming. It is far simpler to code 2,730 components than 


51,000 individual varts. 


The Optimum COSAL 

The so-called Optimum COSAL was the result of the 
second part ef the study which developed military essentiality 
as a concept. It is the applisation of military essentiality 
to the allowance list problem, plus the economic considerations 
of cost in terms of dollars and storage space. It is the first 
step toward application of scientific inventory management 
techniques to the shipboard inventory problem. 

The Optimum COSAL Program was a large-scale sinulation 
progran utilizing the complete range of potential allowance 
list candidates which was then applicable to the U55 George 
Washington. The purpose of the Simulations was to test various 
formulations of allowance lists, which in general attempted to 
maximize the strategic value of shipboard inventories, subject 
to the aforementioned conatraintsa of dollars and apace, | 

Independent of which particular Optimum COSAL 
formulation was used, all of them made explicit use of the 
military essentiality information, price and cube data, 
technicians’ usage estimates or usage date if available, and 


population data (the number of times a part is installed, and 





1 
Bureau of Supplies and Accounts, Polaris--The Optimum 
COSAL. 
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where it 18 installed). All formulations considered all items 
Simultaneously eospeting for space and dollar value, independent 
ef controlling inventory control point. All the item 
characteristics, such as military essentiality, price, and cube, 
etc., were considered simultaneously for decisions as to 
stocking. Kost important of all is the fact that in deciding 
whether or not to steck a quantity, specifie consideration was 
given to the item in terms of space and dollar values reletive 
to the expected value of the item for the mission. The early 
phasee of the simulation program tested the manageability of 
the various formulations as well as their effectiveness, 

Various assumptions to be utilized in tne simulation program 
were also tested, The final formulations for these sinulations 
were two models, one termed the ordinal model and the other the 
cardinal model. ! 

The basie technique of both models was to apply 
protection levels against probability distributions of demand 
(or usage) in order to arrive at allowance list quantities. 
They both used the negative binomial distributions of demand 
sizes, in keeping with analyses of historical demand patterns. 
Since the cardinal model was finally seleoted for application 
to the Fleet Sallistic Missile Submarine allowance list 
program, the ordinal model need be deseribed but briefly, and 
thet in terms of differences from the cardinal model. 


There were two basic cdifferenees between the two 
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models, The first was in terns of treatment of military 
easentiality. The ordinal model treated one HEC class a6 only 
more (or leas) important than another class, while the cardinal 
model ranked the classes on a relative value or welght assizsned 
as a result of exponential sealing of the MEC categories. The 
second difference was in the protection level, The ordinal 
model stipulated s particular protection level for each “ZC 
category, wnile the cardinal model computed the protection 
level aa a function of price, sube, and weighted military 
essentiality. 

The cardinal model computes a protection level based 
on the cost in teras of space and dollar value of the item as 
well as its essentiality. There are three decisions to be made 
in doing this: choosing a price multiplier or weight to be 
associated with the unit price of all items (since all items 
are being considered as simultaneously competing for dollars 
and space), choosing a cube multiplier, and choosing a scaling 
factor for exponentially ranking the military essentiality of 
the various items. It should be mentioned at this point that 
the protection level ia the complement of the risk of stockout 
during leadtime, which has been deseribed as the tail of the 
cumulative probability diatribution. 


The formula for computing the protection level is:! 
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Where: 
Ap = Lagrangian price multiplier 
Ac = Lagrangian cube multiplier 
P sz Unit price 
GC xz Unit cube 
6 = Naperian number, 2,718 


x ss exponential sealing constant 


Before proceedings further with ea aiscuseion of the 
cardinal model and its operations, an analogy must be made to 
the baaic reorder peint formula advocated in the previous 
chapter. Firet, the protection level for the cardinal model 
is the length of the submarine patrol period, It presumes a 
failure on the first day and an inability to replenish until the 
end ef the patrel. This is procurement leadtime under another 
suiese., Secondly, the Legrangian multipliers serve the same 
function as holding cost; hewever, in the case of the cardinal 
model the implied holding cost of storage space constraint is 
explicitly manipulated as a separate function of helding cost. 
The third voint of similarity is that the denominator of the 
ratio serves the same purpose as shortage ecst, Therefore, it 
oan be seen that this 18 the basic reorder point formula of 
holding cost to shortage cost, without the latter being steted 


in monetary form, The exponential scaling of HEC serves to 
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relate essentiality to performance level on an O to 100% seale,. 

With the abllity to change the valuss of the three 
constants (the two multipliers and the scaling factor), it is 
apparent that a multitide of protection levels can be obtained 
for each item, and a multitude of allowance lists, none of 
which can be considered as the optimum. After much testing a 
series of different results was obtained, The one which 
appeared best to serve the purpose was 4 rather subjective 
selection, but was done by experienced officers, and the final 
Selection was made by the Director, Teoktmical Division, Special 
Projects Office--a Kear Admiral,! 

The values of the constents used in the cardinal model 
selected for implementation were .00565 for the price multiplier 
2OCO100 for the cube multiplier, and .15 for the exponential 
staling factor.® This resulted in an allowance list that had 
basically the same number of items as the regular COSAL; 
hewever, the overall cube requirement was reduced by 16%; 
overall dollar value of the allowance list was reduced a little, 
but was basically the same; but the depth, or average quantity 
of each item was raised by a factor of 4, At the same time, 84% 
of the cude availabie for inventory storage was ultimately 


Consumed by material from HEC 100-116, the high essentiality 











l>ersonal interview with Lieutenant Commander D.W, 
Whelen, 2C, United States Navy, Special Assistant to Assistant 
for Material Support, Technical Division, Speolal Fro jects 
Office, Navy Department, Washington, ».C., March, 1963. 
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material, and the dollar value required for stocking of those 
MEGS was more than doubled, ! . 

These results are not extraordinary; they are what 
Should be expected from the application of sclentifiec inventory 
managenrent decisions, Available funds are utilized in a manner 
that will inerease the performance level or cperational 
readiness of the ship. The large amount of emphasin plased on 
the hishest eusentislity itema is a result of the particular 6 
exponential factor used. 

Evaluations of the cardinel model have shown that many 
itema applicable to highly essential equipments or components 
are baczed into MEC 85 beeause of redundancy or alternatives 
thet are present. Resulting from the computation of protection 
levels as a function of the three constants (or constant- 
variables), many of these items are dropped off of the 
Allowance List altogether. To overcome this by changing the 
slope of the easentiallty ranking curve, all items are raised 
in essentiality through exponential manipulation. This in turm 
would present other problems of ineluding even more of the high 
essenticlity items than at present, to the further detriment of 
protection of class &3. To the extent that this problen has 
been explored so far, the immediate reaction might be that this 
4s @l1l well and good~-thst this is wheat the scheme 1s designed 


to accomplish. However, one major fault of the Optimum COSAL 





'rpid. 
Personal interview with Mr. J. Gumeniok, March, 1963, 
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as exemplified in the cardinal model is that items are dropped 
from allowanee Lista through the computation of protection 
levels before any consideration is made of expected demand for 
the ites.! ‘The Chie?, Sureau of Ships, was particularly 
concerned over this, since 93.2% of the GuShips equipments on 
poard fall into classes 83 to 93.° 

The writer has arrived at the conclusion that the 
relative ranking of the MEC clasees by the exponential scaling 
fagtor is as arbitrary as the ranking in the ordinal model, 
wherein one class was considered as only more or leas important 
than another witheut considering degree, If time and effort 
are to be expended in assigning MECs to ltems susceptible to 
inclusion in the shipboard inventory, then it seems that a 
little wore effort might be expended in explieitly considering 
ths relative importance of each glass and assigning the 
percentage of easentiality on those explicit considerations. To 
state the case in another way, a correlation can be made between 
MEO and performance level; and an explicit statement of 
performance level can be made on a scale of O% to 100%. If this 
ie done, there should be Littie cause for criticisa if iteme are 
Gropped from the allowance lint because of low ranking. 

The other aide of the question, dealing with disregard 


of patential usage of an item in computing e protection level, 








trersonal interviews with Lieutenant Commander DBD, W, 
Whelan and “r, J. Gumenick, 


chief, Burgau of Ships, Letter 35 62640561, 
De 1VeB=6, 
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introduces the observation that there 18 no provision in the 
Optinun COSAL for variable working stocks as discussed 
previously. If the allowance list as developed were to be 
rigidly adhered to, then a working stoek level of whatever the 
patrol period happened to be would be required for all items, 
Assuming that the patrol if ninety days, 1% means thet at the 
end of each patrol, ninety daya worth of stock for each item 
experiencing demand would be ordered from the submarine tender, 
This concept went out of military supply systens with the 
battleship! It 418 not efficient, whether you consider it 
explicitly or implicitly in datermination of stock Levels. 
Although economics order quantity quantifieations are fornal in 
nature, the concept is one that the newest storekeeper soon 
adopts implicitly in his operations, More of low-cost items 
ara stocxed than of high-cest items, Many variations can be 
made to the ¢lassie EOQ formile expressed in this paper. To 
apply to the Polaris program 1t may be necessary to wake order 
quantities in terms of number of patrol periods, although this 
is not necessary, if the order point sconsigers stocks on hand 
plus on-order. in that case the full reorder point stock level 
is earried in the sllowance and orders are generated curing the 
cruise as demands require, As a result, more than one order 
would be placed for the same item upon return from the cruise, 
The point to be »eie Le that working stoeks or economic order 
quantities provide efficteney in utilization of personnel and 
operating funds, while the reorder point, ineluding safety 


stock, provides protection against stockouts during resupply 
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tine. 

while this is important from a viewpoint of efficiency, 
it does not answer the question of items being dropped off the 
Optimus COSAL before demand is considered, although there is a 
relationship. Referring azain to the concept advanced in the 
previous chapter, it is noted that the frequency of reorder 
was proposed as a function of protection required, the point 
being that the more frequently an item was reordered, the more 
frequently it was exposed to stockout during leadtime; 
therefore, the higher degree of protection was required. If 
BOQ was considered in the Optimum COSAL, the order quantity 
would be calculated first, Under these circumstances it is 
posagible to have an order quantity calculated for the allowance 
List, and the reorder point (or protection level) reduced to 
zero, Under this concept, material would be stocked for on 
board repair purposea, «3 a funotion of efficiency and economy, 
but the protection level would still reflect operational 
readiness, The very fact that a quantity was calculated for 
working stock purposes would make the item more likely to be 
reflected in the protection level quantities that are calculated, 

in any event, by implementation of the Optimum COSAL, 
great strides are being made. in making the shipboard inventory 
management situation a nore cificient one, based on explicitly 
stated decision rules, No system is perfeot in ite inception; 
much work remains to be done, out the very fact that the various 


problem areas are recognized indicates that there is hope for 
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their early solution. The next step ie to implement the Optimum 
COSAL program for all shins of the fleet, not just the high 
priority Fleet Gallistic Missile Submarines, 


Lhe Nis foncept 

Home work has already been done in applying these 
eoneepts to ships of the Navy, other than in the Fu program. 
Forexost in their application is the realization that allowances 
Liste as provided at the present time are no more than 
engineering estimates of requirements, and that little, if any, 
effort is directed toward revising allowance lists after the 
original introduction of the equipments into the fleet. The 
responsibility for determining stock levela, ineluding 
protection levels, rests with the Supply officer of the 
individual ship. 

Application of the contepts advocated in this paper can 
be approached from two points of view: that of the individual 
ship and that of the type commander. (A type commander has all 
ships of a Similar type, 1.e., destroyers, aircraft carriers, 
etc., within a fleet under his administrative responsibility, 
wiieh ineludes funding responsibility.) The points that have 
been developed in this paper, so far, are directed toward the 
former, yet there is great potential for the type commander 
in using these techniques to achieve optimum utilization of the 
funds available to him for financing operations of nis ships. 

These funds can be separated into two areas, generally, 


One ¢lement of the appropriation is funds available for day-to- 
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day operations, which 16 allocated among the ships of the type 
for obligation purposea. This ia referred to as the operating 
target anount or OPTAR. The other element consists of those 
funda available to the type commander for financing the supply 
overhaul that each ship undergoes every two to three years, 
concurrently with the regular shipyard overhaul, to correct 
equipment deficiencies, Ouring this period the materials in 
the ship's inventory are off-loaded, and using the aseaistance 
of shore-based experts, the materiais are identified end 
inventoried, and stock records are corrected to reflect actual 
balances on hand, These balances ere compared with the 
@llowance quantities reflected in the COSAL. Lists are then 
prepared stating the quantities that are elther exceas to 
allowance or deficient therefrom. The problem whieh faces the 
type coumander is that of determining how many of the shortages 
can be funded, and which particular items should be procured 
and to what depth, 

The vrobler oan be approached by way of a matrix. 
Horizontally items are ranked by MEC; vertically they are 
ranked by dollar value of usage, Obviously, the highest dezroe 
of attention should be given to those items with both high 
usace and high essentiality. Oy analysing the shortages 
appearing on deficiency Listings by both money value of usasce 
and degree of essentiality, much more meaningful decisions ean 
pe mage by the type commander, The stipulation by the Chief of 
Naval Sperations, that in the initial inplexentation of MEC for 
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equipments already installed in tho fleet, the MEC of the parts 
will carry the MEC of the parent equipment or component, 
Simplified the problem considerably. 

It 1s not the purpose of this paper to present a 
detailed recommendation for implementation of the concept, but 
rather to point a direction which should be taken to inuprove 
the efficiency of supply management afloat. To this degree, 
then, the type commander should utilize the business machine 
equipments available to his forces during their aupply overhaul 
to perform an analysis of dollar usage, This can quite simply 
be accomplished as a by-product of other effort that is already 
required of the crew in processing the off-loaded inventory. 
Speeifically, usage is gathered inte EAM card form, and some 
type of usage analysis ia made, ostensibly by the inventory 
control points with the idea of improving allowance lists. The 
type commander, however, is mere interested in the 
effectiveness of each individual ship, rather than the allowance 
list for one particular component. He ean, therefore, take the 
information that is developed by equipments and perform an A~ 
BeG dollar value analysis, as well as a NEC atructuring, 

In queatifying working stocks 1+ should be noted that 
NEC has no effeot; the primary ingredients are annual demand, 
price, reorder costes, and holding costes, The writer firmly 
believes that the concept of economic order quantity (H0Q) has 
es definite place in sfleat supply management. Many people, 


however, object to this, satating that it is impossible to 
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determine the parameters of the decision, partlenlarly that of 
holding cost, for the afloat inventory, Generally, these 
orities are coneerned with the materials handling cost or 
storage cost of holding, rather than the much more important 
(im an afloat environment) factors of time preference rate and 
obaoleascence and shelf life, As a matter of fact, 209 of at 
Least an implicit nature, 1.¢e., stating a certain number of 
months of supply as an operating level for ali items, is used 
in’ moat instances, The endurance loading concept deseribed in 
Chanter II 1a an example. Kecalling that the isportant factor 
is the ratio of reorder cost to holding cost, it is not too 
diffieult to arrive at a realistic ratio, particularly when it 
ie recocnized that the square root of the ratio is a constant 
to be multiplied times the square root of the variables in the 
formula, The square root has a nitigating effect on errors of 
estimation. Quite obviously, besause of the enormous fund 
restraint on the type cemmander, hie holding cost will be high, 
which will tend to lower the ratio. Commnensurately, the effort 
of reloading storerooms through vertical hatehes some six or 
more decks deep implies a need for leas frequent ordering than 
might otherwiee be feasible ashore, 

The point is made frequently that the lack of operating 
funde causes inventories to be reduced to practically nothing, 
The writer disegreee with this; items with usage history will 
gontinue to be used in thea future, If these items are not 


replenished, the ship soon finds itself with equipments out of 
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commiesgion, an umacceptable state that any commanding officer 
or type commander would reject. Perhaps some insurance items 
are let drop from the inventory, but these are sencrally low 
essentiality items, In any event, the stosi records of the 
shipboard supply manager must show a reorder quantity or level 
to which to reorder (the same thing) when a reorder point is 
reached. The type commander has the ability, during supply 
overhaul, to project demand history, expressed as averages, for 
the high and medium usage items, through @ conputer and compute 
E0Qs {or the quantity Q used previously in this peper) for each 
of the items, and thereby provide more realistic working stock 
levels, 

Any effort directed toward application of these ideas 
should commenee with the high dollar items that ere also highly 
essential to the operation of the shin. There ere not very many 
items which fit both categories. In both cases, however, the 
first step is for the performance level index of the various 
components and equipments to be deseribed, preferably by the 
typs commander's staff. That 18 to say, the percentage of 
essentiality should be explicitly stated for the equipments 
installed on the ship. This is part of the Military 
Sseentiality Program and is being accomplished at the present 
time, 

The first alternative would provide for the high-usage 
items falling into the highest HEC, i.e., 100% essential to the 
operation of tne ship, being selected out. #0@s would be 


calculated, then protection levels would be calculated or 
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computed by varying the shortage cost, until the desired level 
of protection is obtained. This is the only variable to be 
manipulated at this point, for the reorder cost and holding cost 
have already been stated in the computation of working stocks. 
The estimation of the shortage cost is not difficult, for the 
type commanders and commanding officer of gach ship should be 
able to state explicitly what level of protection he demands 
from the shipboard inventory for the highest “Cc class, if for 
no other class. From that point it 18 a relatively easy matter 
to put all the cards in the computer, modify the shortage cost 
used for the highest (or 100%) essential material by the 
percentage of essentiality that each other item carries, Yor 
example, if $5,000 were used as the shortage cost, an item with 
10% essentiality would nave a shortage cost of $500 used in 
computing its protection level, Then an allowance of order 
quantities and order points for each ship undergoing supply 
overhaul can be computed, It should be noted that this 
calculation of Q and KR should include all items with usaze, 
regardiess of what quantity of stock may be on hand at that 
time, Stocks on hand werely serve to reduce the overall cost; 
they do not affect the requirements. 

After this has been accomplished, and the items with 
anticipated usage have been protected, it is necessary to look 
at the items on the COSAL which do not reflect usage on stock 
records, but which for some reason or other, are missing from 


the inventory. These are insurance items--those that should be 
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carried because of the effects of their failure upon the 
operation of the ship. Using the same information in the stock 
records, i.6,, unit price and allowance quantity, plus the 
essentiality ceding, the itens can be structured into a 

weighted hierarchy of essentiality per dollar, at the same tine 
keeping a record of cumulative coat. At Some point in the 
structure the funding authority (type commander) can cut off 

the filling of deficiencies with the knowledge of to what degree 
he has protected the performance level of the particular ship, 

From experience it has been noted that many items 
remain on allowance lists when they have had no useage over a 
long period of time; these iteme are rerily not essential to 
the performance of the ship, By using the rethod deserined, 
not only can essential shortages be filled, but also many none 
essential items can be deleted, This seems to be @n chvious 
objective of the Militery Hsasentiality Pregrem itself, 

The other alternative in computing stock levels is to 
use the computer in a more holistic manner. I[nsatead of setting 
e protection level for the highest MEC, after computation of 
working stocks, and structuring shortage costs as a degree of 
essentiality from that starting point, all itema are considered 
as simultaneously competing for funds, both for vorkine stocks 
and protection level stocks, somewhat in the same manner as 
the Optimum COSAL for the FSM program, 

This is accomplished by tins use of the Monte Carlo 
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Simulation techniques descrined previously. ! This would entail 
projecting random demand simulations against stock Levels 
conputed by the use of various parameter constants, primarily 
the shortage cost. In this respect, the shortage cost would be 
& baale shortage cost and would be modified for gach item eas a 
function of easentiality in the game manner as described above. 
The result of this operation is to construct a coste 
effectiveness curve as in Figure 9. The sost, of course, would 
be total costs. Thie would give the type commander a much 
better prognosis of the results of his decision, and would 
enable him to make a better selection based on the funds 
availeble, The selection made determines the oasic shortage 
cost. 

A by-product of either of the alternatives used is to 
record the parameters of the decisions that were used, This is 
by far one of the biggest problema faced today in revising 
allowance lists; the basis for the original decision is not 
known. In the case of actual demand for a partioular part, it 
ia difficult to tell sometimes whether demand ia random or is a 
matter of actuslly changing Cemand trends, iy recording the 
parameters of the deololicne, the individual ship Supply Officer 
will be able to revise his computed stock levels after the ship 
leaves the supply overhaul, a&% inpute chance, 

Type coumander participation in development of stock 


Levels is highly desirable, if for no reason other than 
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standardization of procedures, The primary benefit to be 
derived from his participation, however, is that it will provide 
& structured decision-making rationale for determining stock 
levels to be mainteined within the funding constraints that are 
89 inherent in our operations. A discussion of implementation 
probliens from the shipboard level will provide a better insight 
into the quantification of parameters, 

From the point of view of the individual Supply officer 
of a ship, scientific inventory management techniques offer 
certain advantages. The basic advantage is in the optimization 
of OPTAR funds to provide consistent policies in protection 
levels and in freeing the Supply Officer to give attention to 
the more important problems of the department. The use of 


these techniques afloat is not new, 





Probably the original implementation afloat was aboard 
the USS Hancock (CVA-19) by Commander Hunter W, Stewart, SC, 
United States Navy, a former instructor at the Navy ‘anagement 
Sehool, Monterey, California.'! His introduction of the concept 
provided certain ground rules for his storeksepers in 
determining the amount of material to reorder and at what point 
to submit the reorder. The rules are ainmple, and are 
illustrative of the ease with which even minimal application 


of esilentific inventory management can be accomplished in the 





'y,9,, Department of the Navy, USS Haneock (CVA-19), 
Sei Division instruct 4440.2, 23 September, 1959, 
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fleet to obtain consistent policies in the use of inventory 
funds, 

The reorder quantity was expressed in terms of a table 
with five points of antry expressed as annual usage by money 
value, The results were expressed in teruws of montns of supply 
to order, It should be noted that the E0Q formula expressed in 
this paper is a classis one, and it can be expressed as units, 
as in this case, months of supply, or money value of 
procurement. Analysis of the Hancock table reveals that it 
uged an order cost of ¢10,00 and a holding cost (including all 
the factors of holding cost) of 20%. 

The reorder point was based on the soncept advenced 
by Whitin, | in that a Poilason probability distribution waa 
used, and a atandard safety level in terms of amount of 
protection was used for all items in the inventory. This waa 
accomplished by using the normal approximation to the Polsson 
distribution, in that to arrive at the protection level of 99%, 
as wae desired, the equare root of mean demand tines leadtine 
was multiplied by 2.4, The square root of mean demand during 
Lleadtime, of course, is the Poisson expression of one standard 
deviation from the sean. 2,4 standard deviations under the 
normal probability distribution accounts for 49% of the 
expected occurrences; this plus the 50% accounted for as equal 
to and lese than the average gives the desired 99%, 


Of particular interest in the Hancock model ie the fact 
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that only two leadtimes were used. A one-month leadtime was 
used for all items appearing on the Fleet Isaue Load List, and 
therefore available from underway replenishments, which are 
scheduled at roughly thirty-day intervala for ships operating 
with the deployed fleets. items not on the Fleet Issue Load 
List were given a three-month leadtime. This isa considerad to 
bo extremely rational, and it 1s a point of view that the 
writer found valid in his own experiences. It does much toward 
formalizing the enduranes period sxpected from ships of the 
fleet in terns of the functions of inventory: how much to 
order and when to order it. 

A deficiency in the approach, although not an 
irremedial one, is that it does not consider the concept of 
military essentiality. This ia expeeted, since it was put into 
effect, before the idea of military essentiality was fully 
understood, and before much had been published on the subject. 
Even using this systen, however, it. ls possible for a Supply 
Officer of a ship to select different protection levels for 
different items, baged on MEC, and to use the number of 
stendard deviations required to sive him that protection level, 
This ean be effected quite simply, without the use of any 
tables of probability distributions, except for a knowledge of 
the area under the normal probability curve deseribed by any 


particular number of standard deviations. 
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Y3S Coontz odel 

The writer applied the concepts of E0Q, variable 
protection levels, and military essentiality during a recent 
tour of duty as Supply Officer of the guided missile frigate 
Coontz (DLGe9), This tour of duty covered the period of pre- 
commissioning through the first two years of the shin'ts 
service with the fleat. 

The need for the concept, in fact, was brought home 
dramatically. in esommissioning the ship it was discovered that 
the new missile equipments, particularly the fire control 
system, which wore the first installed in the fleet, had not 
been fully provisioned with spare parte, nor had complete 
ellowance lists been developed and furnished to the ship. 

After many frantic telephone calle and radio messages to obtain 
nonallowance list parts to repair equipment failures, it was 
obvicus that these pertsa should be stocked on board. This was 
no different from any other ship developing repetitive 
requirements for non-allowance list items, except for the 
magnitude of the problem, and the importance of the parts to 
the operstional readiness of the ship. Many of the items were 
gonsidered 100% essential, 1.e., the lack of the parts required 
the return of the ship te port. 

In view of this problem, some method was needed on 
which to bese a policy for procuring and stocking these parts. 
Fortunately, the cireular slide rule developed for the Bureau 


of Supplies and Accounts was available, and the writer was 


= 


lial 

1 oF Cie Gt ures tem DO 
Tees © pee pel lat teem Gree) Le me sae res mes emdeer 
ARETE Ceteer ee pete ee ee ee Ue Thee fe ie oe ee 
ee ee eee 
= ae eee 

~ ages anaes 
ee ee 
om fe el) er eee coe? ou) fee ee cee 
Se a ed 
AAP AD 0 Cl ene CELE Ye 40) he 


















er ee CRED On ee 0 ie etter efteee pare 


oe ORE) et Gees +0 Sle Ge) oe ee ie 
8 OR Rt Ne EY LT FEY 
OF ee Le ee TET oe 
OS eee re eee ee 
10 arte Gt Be eed wert Geko ee pee ee aT 88 pee 
a oa Ml game va ath! mn mmm amma cman wth 
vies Cle aT We te! a coke! ehehdeete SO beet eee 
oe fe 68 % cle 

rT ere a eee eee eee fe re 18 
1, oe’? eee? on areas Fr G44 + ot & ace 
wer ae ew. amet) G4 GAY wml, ate . eee tee 
co Geet et) See CR Reeee Gee tree th Gee Gal ic’ De 








116 


experienced in its concept, | implementation of the concept of 
scientific inventory management through this medium, which 
automatically solved the formulas for Q@ and Rh, was largely a 
matter of trial and error in its initial stages, Because the 
ship was new, demand history reflected the initial breaking-in 
period of high demands; therefore, progress had to be slow, 
particularly since the negative binomial probability 
distribution in the slide rule allows for the extreme 
fluetustions in demand that are inherent in military 
inventories. It did not tare long, however, for the features 
of inventory as described and diseussed in this paper to be 
evidenced, The A«5-0 concept of monetary usage was apparent, 
as was the fact that a Small percentage of the items were of 
extrenely nigh military worth. Of 36,000 ltema stocked, 
approximately only 5,000 had usage in a two-year period; and 
of these, only about 1,000 could be considered as true 
repetitive demand type items. Even these 1,000 broke down 
into an A#BeO relationship, as regards use of funds. 

Of primary concern in implementing these procedures 
was the constraint of fund limitations, The OPTAR was provided 
for operations--for daily maintenance requirements, There was 
not much left for establishing stoek levels for new itens, 
Beeause of this, and in &:-«ser to provide for inaccurate 
prognostications made from limited experience, the holding cost 


was set at 100%, This accounted for not enly a high time 





‘clark, “arr, and VanderVeer, op, cit, 
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preference rate (50%), but also provided for a high 
obsolescence rate (50%), expected from changes in the allowance 
lists (deletions) because of design changes in the equipments. 
Whereas a normal ship receives a new COSAL once each two years 
as part of supply overhaul, the USS Coontz received four 
ordnance and four electronic COSALS and three ship's parts 
allowance Lists during the first year in the fleet. This in 
itself involved o high degree of stock handling apart from the 
day~+toe-dey operations. The holding cost was varied on 
individual items, perticularily those with short shelf life or 
higher obsolescence, 

The reorder cest was established at €10,.00, even though 
most storerooms were somewhat inaccessible. This was an 
intuitive judgrent based on the writer's experience at the 
Naval Ordnante Jupply Office, where the order cost was 
originally put at $75.00. An order on board ship did not 
involve any technical documentation or contract negotlation; 

{t was primarily just typing a requisition from a stock record, 
In addition, the lavor cost of a sailor is much less than that 
of the civil service. Preciseness in parazeter estimation was 
not a goal; it was recognized from ths becinning thet errors 
in estimating either order @ost or holding cost were modified 
by the fact that the retulte were a function of the square root 
of the ratio of the two. 

The biggest problen wat estimation of the shortage 


veoet, This was strictly a trial and error operation, but 
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interestingly enough, eas time progressed one figure kept 
appearing for most of the high essentiality items that also had 
repetitive demand, This was ?5,000, although on some highly 
essential items a highes shortage cost wae used, The setting 
of this parameter was based primarily on intuition from having, 
worked with the concept, but also the allowanes list provided a 
certain guide as to whether demands for the items included 
therein were random fluctuation or valid differences from the 
allowance list estimation of demand. One aspect of the 
intuitive judgment was having a “feel” for the amount of stock 
that would be required to be on hand during leadtime, considering 
the variations that were possible both in demand and leadtime. 
In developing the shortage cogt principle for determining 
gsonsistent protection levels, the writer had not learned the 
soneept of performance levels as an expression of operational 
readiness, Therefore, more intuitive approaches to military 
essentiality were used. The concept of military essentiality 
was used and was expressed in terms of a 0 to 100% seale. The 
basio shortage cost was set at ¢5,000 for those items considered 
as 100% essential to the operation of the ship and nowt 
suseeptible to redundancy, cannibalization, or jury-rigging. 
These consisted of many parts applicacle to the misslle system 
(missile, launcher, fire control), as well as parta applicable 
+o certain parts of the ship propulsion equipment. ‘Some other 
items with high, but not the highest essentiality, used on these 


two system areas were assigned shortage costs of $2,000 and 
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41,000, All other parts applying to the hull, machinery, and 
electrical systenus, as well as missile fire control, were 
assigned a $500 shortage cost, This was done because itens 
could not be segregated for individual atudy under the condition 
under which the ehin was operating, and 1% was considered that 
a “broad arush” could be applied. “ost consumabie supplies, 
guch as housekeeping or Cleaning supplies, were assigned a 
shortase coset of $50, and offige supplies and other really non- 
gusential supplies were assigned a shortage cost of $5, primaril 
because of nuisanea cost of being out of stock. Conceptually, 
this can be stated as a shortage coat of $5.00 x 10", where n 
42 the essentiality of the item expressed as 0, 1, 2, 3, ete, 
Leadtimes for use in the model were the aane as used 
in the USS Naneock model with one small exeeption. #xperience 
indicated thet three months was a realistic approximation of 
leadtine for an item sarriled in the supply system, but not on 
the Fiset [asgue Load List. With regard to the latter category 
of items, experianes in the United States Seventh Fleet 
indicated that a thirty-day re-supply could not always be 
axpeeoted; therefore, as a safety factor, a two-nonth leadtine 
was used for iteas an the Fleet Tesue Load List. in addition, 
{tems with known procurement difficulties were revised upward, 
Ease of implementation of this method was as simple as 
that sxoerianeed in Haneoe«., A none-rated seaman with 
relatively Little experience in Supply management was trained 


to use the slice rule in @ period of a week, Admittedly, 
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certain restrictions were necessary, but for most items broad 
gsuidelines were sufficient, 

Certain of the classical results of seientific inventory 
manasenent were observed. Of primary importance was the fact 
that in the case of low cost, yet highly essential items, it 
was possible to buy a large desree of protection with a small 
investzent of funds, more than allowed by the allowance list. 
This was particularly true in the case of low cost electron 
tubes, whieh aleo experienced high usage, At the same time 
that a hizh protection level was being set for these itema the 
E0Q funetion was setting less frequent order intervals, so that 
it was possible to devote much more attention to the highly 
expensive/highly essential items, This type of ite: was 
usually reordered each time it was used, and because of the high 
cost the protection level was less than on other high NZC type 
items, This was compensated for by more individual attention, 

here were about twenty items that the Supply Officer exercised 
personal supervision on their supply management. The high 
nolding cost paraneter not only required more frequent re# 
procurement of high cost items, but at this tine theee itens 
were also reviewed to determine the validity of the parameter 
quantifications used in originally establishing order quantities 
and reorder points, 

Certain items were inmediately segrezated as not being 
susceptible to scientific inventory management without much 


introspection. These were the large bulky items, such as wiping 
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racs, soap powder, paint (which required inflemmable stowage), 
tollet paper, mineograph paper, ete. There were about ten 
different items, On these, the holding cost was raised to 400% 
and in a@ eouple of instances, to 1,000%, These figures may 
appear to be artificially large, bub the very fact that they 
were used in fitting requirements to avallatble space indicates 
that the decision was structured, and that the avallacle space 
sould be traded off against the importance of the iten end 
probable risk of stockout implied by any particular decision. 
From thie the conclusion was reached that storaze space is not 
a prohibitive factor in stocking material aboard ship. Only a 
very few of the many items carried cause any space probloes. 
These can be isolated and given separate management attention. 
The purpose of acientific inventory management is to assist the 
inventory manager to make his decisions, not te substitute a 
formuia for managerial judgment, 

It i8 to this point that this thesis hes been directed, 
A soncept exiats which provides the Supply Officer of the 
Andividual ship with the ability to struoture his decisions 
regarding inventory management, and thereby wake more accurate, 
more consistent deciaions, It gives him the ability to trade 
off aupply effeetiveness in support of the equipments in his 
ship with the funds provided for maintenance of the ship. He 
gan equate his decisions in terms of the operational readiness 
of hie ehip. 


implementation is simple, The first etep is to analyze 
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the inventory in terms of dollar value of issues and in terns 
of military essentiality. The itexs consuming the majority of 
funds, and also having high essentiality should be separated 
for special management ettenticn and analysis, These are the 
items, fow in number, where scientific inventory management 
techniques will pay large dividends, 

Parameter quantification can be accomplished fairly 
easily. Order coset can be safely established at $10. Holding 
cost should be put fairly high in the initial inplementation 
stages in order to minimiss the degree of error, Zsonomie order 
quantities can then be caleulated for a sample of the itema 
selected for special attention. from this point protection 
levels, aa an element of the reorder point, \, san be conputed 
until a shortage cost ia determined for the highest 
essentiality itema, The next step is to cbtain the assistance 
of the technical or line personnel of the ship in determining 
the essentiality of the high usase value iteme in terne of 
perforzance level of the equipments, With this information 
other shortage costs can be specified for the items of lesser 
essentiality as a function of the percentage essentiality times 
the basic shortage cost calculated for the highest essentiality 
items. Ag items decrease in importance it is possible to give 
lesa attention to the preciseness of parameter estimation, and 
to use generalized quantifications. The major advantage of 
consistent results will still obtain from application of the 


concepts. 
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With the parameters quantified, the only thing remaining 
1s to select a type of probability distribution. The most 
effective method, and Bimplest, is use of the circular slide 
rule deseribed,' If it 18 not available the Poisson 
probability distribution provides the most flexibility with the 
least xnowledge of mathematics or statistics, The important 
factor in use of any probability distribution is to deternine 
the protection level considering relative military essentiality 
of the items and order frequency per year, 

Although each individual Supply Officer afloat is 
responsible for the daily management of his inventories, he 
does not and should not operate in a vacuum. Type coumanders 
have more to realise from the advantages of sctentifie inventory 
management, and they should adopt the techniques and assist the 
ships of their forces to implement them, Through using these 
techniques during the supply overhaul program each type 
commander ean develop paraneter values for force-wide use, as 
well as deviations for each ship. Parameter nreciseness is no 
more essential in this reapect than in any other inventory 
manasement environment. Adoption of the concept will provide 
immediate benefits in a more realistic treatuent of the three 
aspects of supply management: cost of ordering stocks, costs 
of keeping stocks on hand, and costs of net having stocks when 


they are required, 





‘oupra, pe 115, 





ee — een © © cee Mee ee fee fee eet 
aes fo eee ee et er) Ge leer 1 Orme cee 
(eee gears see 
SN oe Gee! (at! Meee ff ee!) ee 1) ev 
OO 

ON ee ee 
oo 4 (Ree tee OO eee ee eee oo Cw 
wharves |e we 6 ah Ver” +16) oe inde oe 
easvey (S° Ven! fen te gee Peeve Seek 
eve! eas De PER eeew GA Aer, © 6 ot ORIG atthe 
ee kee? Geer fe (ee (eee Yee Pee 

| yer Goer caleer ee te 20ery Se pe ee ee peed ow 
—- ale oe ee 


i OT LE A A TT 


‘ey? set oom’ 





124 


Implementation of these techniques is directed toward 
maxing the dest decision possible on the items experiencing 
repetitive demands, i1,¢6., the ones consuming the funds available 
for operation of the fleet. These decisions will require less 
emphasis on low cost/low essentiality items, and will free the 
Supply Offieer to devote his efforts to more effective 
management of high cost anc high essentiality material, 
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CHAPTER VI 


SUMMARY AND CONCLUSIONS 


Technological developments of equipments installed tn 
the ships of the United Statea Navy, since World War TI, have 
increased the complexity of the problems facing the afloat 
inventory manager, In spite of these complexities, which far 
surpass those of the sivilian inventory, certain analogies can 
be drawn between civilian inventory management and management 
of military inventories, both ashore and afloat, 

The purpose of inventories is universally one of buying 
time. They serve to de-couple the end user from the 
distribution system required to transmit needed materials from 
manufacturer to the end user, This is of particular importance 
to shins, for the capability of the Navy to perform its mission 
in defense of our country is dependent upon its ability to be 
mobilee-to refrain from an absolute dependence on the shore 
logistice complex. In effect the time that is bought through 
this de-coupling of cependence on a distribution syster is more 
ready time for weapon systems. This ready time can be measured 
in terms of operational readiness of the ship--its ability to 
perforn assigned missions. 

The problema of inventory management can be generalized 


into three areas: what to stock, where to stock it, and the 
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functions of inventory (how much to buy and when to buy it). 
The functions of inventory are the ones that usually occupy 

the inventory manager's attention, for they are concerned with 
the dynamics of inventories, An analysis of these functions 
reveals that stock levels consist of working stocks and safety 
stocks, Further analysis of inventories reveals that a small 
percentage of the items accountsafor an overwhelming majority of 
the dollar demand for the whole inventory, and conversely, the 
majority of the items accountsfor only a smail percentage of 
gales, “Military inventories are confounded by a further 
problem: most items in the inventories feature low issue rates, 
yet are subject to extreme fluctuations, 

Sinee World War II, the soncept of scientific inventory 
control, as an outgrowth of statistical decision theory used so 
extensively during the war, has made great advances in its 
applications to industrial inventories, These techniques have 
been adopted for use in shore-based military inventories, 
Progress in Implementation of salentific inventory management 
techniques has been slow, This is due primarily te the fact 
that most writings on the subject by practitioners of the art 
(or science, as the case may be) are usually expressed in 
complex mathematical terms not readily understandable by the 
non-initlated, the opsrational personnel who must implement end 
naintain any inventory management system. Actually, the concept 
is relatively simple, and with the advent of electronic 


computing equipment there 1s no reason why more immediate 
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implementation is not made throughout Inventory systems, be 
they civilian or military. The possibilities of electronic 
Simulation of the results of decisions are enormous, and they 
previde an ability to test decielons before implementation. 

The contept of solentific inventory control, as in any 
applileation of atatistical decision theory, requires an explicit 
consideration or quantification of the interrelationship of the 
various parameters or inputs involved in an inventory decision. 
It revolves around that branch of economic decision theory 
which allows a trade-off of different costs involved in 
inventory management : the costs of procuring and receiving 
materials the eostea of holding material in store; and the 
implied penalties arising of not having inventories when they 
are needed. This approach finds a recerntive climate in the 
Department of Defense at the present time, Particular attention 
has been given by the hlerarschy of management of our armed 
forees to this economic analysis approach of considering 
alternative decisions arising from trade-offs and the 
effectiveness of effort as a function of the cost of that 
effort, 

Aboard ships of the Navy the measurement of operational 
effectiveness or readiness is vital. This measurement has been 
translated into the supply management ares through the concept, 
of wilitary esesentiality coding. This concept has been under 
study for many years. The results of the study provide the 


inventory manager afloat with the ability to analyze his 
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inventory in terms of the importance of the different itexzs to 
the mission of the Ship and to introduce variable stock level 
decisions, 

“Nilitary essentiality is translated into an implied 
shortaze penalty for the ship, due to the failure of different 
equipments. Through it, a realistic inventory protection level 
gan be ascertained for each item aboard ship; however, it is 
not necessary that each item be rigorously examined to 
accomplish this, The saall percentage of items constituting the 
largest percentase of dollar issues provides an area of analysis 
and application of selentific inventory management techniques 
where benefite of the greatest magnitude will be obtained. 
Through the introduction of consistent inventory management 
policies the Supply Officer afloat is able to make better use 
of his personnel and time through economic ordering principles, 
and at the same time optimize the use of funds in protecting 
azainst stockouts during leadtime by stocking larger quantities 
of the low cost items and devoting more personal attention to 
the high cost items, These consistent policies require any 
inventory manager explicitly to consider the interrelationship 
of the factors of his decision, 

Setentific inventory management techniques have been 
uged successfully aboard ships of the United States Navy. ‘Some 
have been informal in their introduction, but others, 
particularily the Optimum COSAL Program, developed for use in the 


Polaris program, are fully structured and programmed on 
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electronic data processing equipment. However, the need ia 
apparent for further implementation of the concepts involved, 
Type sommanders in the Navy will receive benefits through the 
application of these techniques during the supply overhauls 
that each shin undergoes periodically. Individual shipboard 
Supply Officers will benefit in their daily inventory 
management problems, Whatever means of implementation are 
S¢lected should be done so in a method susceptible to daily use 
by pergonnel not trained in statistios or mathematics, Training 
of personnel in the concepts should be instituted in the Navy 
Supply Corpa Sehool before officers are assigned to the fleet, 
There 18 no reason why such a useful tool for consistent 
structured decision-making should not be applied to the 
shipboard inventory management problem, The major deterrent is 
a lack of understanding of the concepts involved; this can be 
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